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DESCRI PTI ON *159159* BI CYCLIC v, -AM NO ACI D

DERI VATI VE Technical Field [0001] The present
invention relates to a bieydlic y-amno acid .
derivative or a pharmacol ogically acceptable salt

e o e P e

affinity for voltage- epen&ent cal ci um channek;sg;sy«
subunit a26, or a pharmacol ogically .acceptable satt
thereof. The present invention further relates to a

phar maceuti c | 14 L ShiRg onmpound or
t he pharnacd?%%?gg??§*é£§§%§gg?£bng$‘? g%%%f as an
active ingredient. Background Art [0002] Conpounds
that exhibit high-affinity binding to a
Techoltagerdependent cal ci um channel subunit a26 have
been shown to be effective for. treating, for
[00ekanpl e, neuropathic pain (see e. g . , Non-Patent
Docunents 1 and 2) . In this context, neuropathic
pdire refessnt oighenhi cnpachatassed kybienvdis vihsmste acid
injury or the like and is a disease that significantly
dert¥patv¥e Quafi PPasFarrledticaily ea@mtaha i drtsreor .
Pargu;fgrr froglge_gesgiQanue ta sevene1Paiq_attacks. ]
FOBB3F 1y COREoYFFPIPH WRVRPIGAN 14936 o< grpound
h §everaL.%¥Qes of a26 gigands are currently known as
2V EREr 8pEATTEYdPEgETs 8rC stitFEReurBRafhf e "paNn LOEX HRPIFEgS -

2 . : L :
depgﬁdgng calcium channel subunit a8, or a pharmacoclogically

.acceptable salt thereof. The presen: inventior further
relates to a pharmaceutical compecsition comprising the
compound or the pharmacologically acceptable salt thereof as

arn active ingredient.

Background Art
[0002]

Compounds that exhibit high-affinity binding to =
voltage-dependent calcium channel subunit @8 have been shown
to be effective for treating, for example, neuropathic pain
(see e.g., Non-Patent Documents 1 and 2). In this contexzt,
neuropatnic pain refers to chrohic pain caused by nervous
tissue injury or the like and is a disease that significantly
impairs guality of life to the extent that patients suffer
from depression due to severe pain attacks.
[00C3]
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I i gands i ncl ude gabapentine and pregabalin. a26
| i gands such as these conpounds are useful for
treating epilepsy and neuropathic pain or the |ike
(e.g., Patent Document 1)._ [0004] However, it has
been reported that, for exanple, for gabapentine, its
efficacy in the treatnent of postherpetic neuralgia
i's approximately 60% according to patients' own
eval&icend Yosge & 120 MNogaRaiseatreDocunremt: 13) karwdvrt hat
for pregabalin, its efficacy in the treatnent of
ERYEARR T i BB&d$ cLOoORetiiepal Ay PBALhpEr DRLMAL EE¥aBOY%s of €28
1;8c6¢ rdqu%t patients' own evaluations (see e.g.,
TR Pat &t Vo cImRFR S2Y 1 0008 PregAer L éBrpotaids geeds such

i sed i r .+ Pat en cuments. 2, 3, and
S e e s T OIS ki SeF oba T RS RBaePavieAts
Pagimend incip , (pigyclic. saturated
neh&dTocar%&%gg%H%%Ug%%,fi %cﬁgégidegfryndi PEFFREM he
[o@@npounds of the present invention. .[0006] Patent
Docunment 1: Panphlet of WD 04/006836 Patent Docunent
2: HearpRiret iaf NAE Mehl 824 o RatentnhDOCUFBAt e Bamp i ¢,
Panphl et of WD 01/28978 Patent Docunent 4: Panph?et
galpfoad 024 08583% NonePay enh Dasugeskthend BrobosCheMbetic
271 (10): 5768-5776, 1996 Non-Patent Docunent 2: J
newrlgiGhelt aRDPTr UGB8R U8UN5603998coNdnnPat enpabDaenrent own
3. Acta Neurol. Scand. 101: 359-371, 2000 3 Non-Patent
SVHRAEM S 41STF RYsI 64 YP@yPapens- Peomen003) Bnsckostr or
of the Invention Problens to be Solved by the
Prﬁ?ﬂﬁéﬁ%QW1lT%o%7§l%§C§ré%ttgﬁgﬁrﬁﬁé@ﬁ@é PA Préafmenfiabetic

will_be to provide a . . - :
neuropatny 1s'approximately 50% according to patients' own

Ior

evaluations (see e.g., Non-Patent Document 4y .
[0005]

Other compounds are disclosed in, for example, Patent
Documents 2, 3, and 4. However, the compounds disclosed in
these Patent Documents are, principally, bicyclic saturated
hydrocarbon compounds, which.evidently differ from the
.compounds of the present invention.

[0006]

Patent Document 1: Pamphlet of WO 04/006836

Patent Document 2: Pamphlet of WO 99/21824

Patent Document 3: Pamphlet of WO 01/28978

Patent Document 4: Pamphlet of WO 02/08583¢

Non-Patent Document 1: J Biol. Chem. 271 (10): 5768-577¢,
1996

Non-Patent Document 2: J Med. Chem. 4-- 1838—18445, 1998

Non—-Patent Document 3: Acta Neurol. Scand. 101:359-371, 2000



conmpound having a greater therapeutic effect than that
. of conpounds having activity as an a28 |i gand
~conventionally wused in the treatnment. [0008] Thus,
an object of the present invention is to provide a
bi cyclic y-am no acid derivative having excell ent
activity as an az26 Iigand, or a pharnmacol ogi cal |y
acceptable salt thereof, har maceutical conposition
NODFAFICG tak dSkEEM terft: t]?ﬁé%ga?p i 24)and? BF 3p2event 29@4
effect on pain or disorders such as those involving
the central nervous system and an internediate for -

: rodu0|n the s : ans for Solving the Probl ens
Di s 66§§F6T ﬁ%@ 3&?? tion provides: (1) a compound

gRresent the neral ormula (1) or a
Progﬁé&%&%&l%%igﬁlly h&ept'abl €S 1 Vher eof : [0010-i - 4

O wq R NHR6 R3 COOR7 (I) 8 R2 2 R R8 wherein 1l 2
C567EEF R RR, R, R, R, R, R, and Rare

eagh Lagdepengdantsy ;3 Y drogen ALam: n e
or a Cl1-C6 algkyl gﬁoﬁp or aa&%tnm%%m?gg%ﬁeroa\ﬁ yide &

com@b@n@amb@ﬁdﬁ(Hnéﬁbaﬂﬁﬁ(ﬂhéfﬁbhﬁﬂfbtéﬁ@gc#ofﬁéﬁ 3Lz
cycl oal kyl group; and R3 is a hydrogen atom a hal ogen

comalotmdsa hGt1Ge Eédﬂ:}"_ﬂvngj QU ard db- OB galnky lcdidldrd8 onaily
group, a hydroxy-d -C6 al kyl"
used in the treatment.

[0008]

Thus, an object of the present invention is to provide a
bicyclic y-amino acid derivative having excellent activity as
an 028 ligand, or a pharmacologically acceptable salt ‘thereof,
a pharmaceutical composition having an excellent therapeutic
and/or preventive effect on pain or disorders such as those
involving the central nervous system, and an intermediate for

producing the same.

Means for Solving the Problems
[0009]
‘The present invention provides:
(1} a compound represented by the general formula (I) or a

pharmacologicaily acceptable salt thereof:

[0010]



group, a sulfanyl-d-C6 al kyl group, a Cl-C6

al koxy-Cl1-C6 al kyl group, a C2-C6 al kenyl group, a
C2-C6 al kynyl group, a Cl-C6 al koxy group, a Cl-C6

al kyl sul fanyl group, a Cl1-C& alkyl sul fanyl-C1-C6

al kyl group, a C2-C7 acylthio-C-C6 al kyl group, a
C2- C7 acyl oxy-Cl1-C6 al kyl group, or a C3-C7

cycl oal kyl group. According to a preferred aspect, the
pr eR&nt i neention provides: [0011] (2) the conpound

accorydi ngRt'o (1) or & macol ogically acceptable
salt f\her ¢of, erel is a hydrogen atom (3) the
conp decorling to (1) or (2) or a : ,
I(B col ¢gi cal J?Hk sal vt hereof , wherein
bot "\R2 4dnd IR?, are ogen at ;5 (4) the
copo accor Nag8 t o any one of (1) to (3) or a
g|C'BI acceptable salt thereof, wherein R3
'S a Eﬁ@ atomor a Cl-C6 al kyl group; (5) the
conmpouhd accordlng to (4) or a pharmacol ogically

acceptable salt thereof, wherein R3 is a hydrogen
whegteg®y a nethyl group, an ethyl group, a propyl group,
or _a butyl , gropp; (6) the conpound accordlng to (5)
orRarpRarﬁhcoIBglééII%~rchep$abH§Néd1t 2 hereath
wherejin R3 is.a hydrogen atomor an ethyl group;

INGRESiToUh a{b%rr%ﬁ‘rfg FiPTany? ol 8FeL 13 9B (B %réh‘vo
A TR R Sl 7 -
20 S LA A P RS ROTE
gm §9A wsrsggnogegmaccor%'l%%eﬂqo a%%,ogecef_ 61k 1591
group, a C_—C6 alkyl halide group, a hydroxy-Cl-Cé6 alkyl
group, a sulfanyl-Cl-C6 alkyl group, a Cl-C6 alkoxy-Cl-Cé
alkyl group, a C2-C6 alkenyl group, a C2—Cé alkynyl group, a
Cl-Cé alkoxy group, a Cl-C6 alkylsulfanyl group, a C1l-C6
alkylsulfanyl—Cl—C6 alkyl group, a C2-C7 acylthio-Cl-C6 alkyl
group, a 62—C7 acyloxy-Ci-Cé alkyl group, or a C3-C7
cycloalkyl group.
According to a preferred aspect, the present invention
provides:
[0011]
(2) the compound according to (1)} or a pharmacologically
acceptable salt thereof, wherein R is a hydrogen atom;
(3) the compound according to (1) or (2) or a
pharmacologically acceptable salt thereof, wherein both R?

and R? are hydrogen atoms;



phar macol ogi cal |y acceptable salt thereof, wherein R6
is a hydrogen atonm (10) the conmpound according to
any one of (1) to (9) or ‘a pharnmacologically
- acceptable salt thereof, wherein R7 is a hydrogen
atom (11) the conpound according to any one of (1) to
(10) or a pharnacol ogically acceptable salt thereof,
wherein both R8 "and R8, are hydrogen atons; (12) a
(4 )pHdrerecieriedl & yCareepy abbeassl onef o4 ¢dipoand3) or a
_according to any one of (1) to (11), wherein the 6_ -
Pha&ﬁ%ﬁ%&ﬂgﬂo@%@m IJCoReepPab| 8248l ENFECRYdr GRAFBENIR, 1s a
h benzenesul fonat e, prpg-toku§nesulfonate; (13) a
YEoHbourftt 9B present ed- by2t FELl g8REEBF formula ('a) or a

(SR moshog sl L acasproble 33l L herget, L9011
T G A UL M
e bon Ao 5 o h T Rey af e bOURG Porira (3. GrouTY?
gré&ys) oal kyl group; and R3 is a hydrogen atom a hal ogen
atom a Cl-C6 al kyl group, a Cl-C6 alkyl halide
(6)grup, cantydnoxye€a=@6nal kgl (59r oupa- shavhhabybgyCtalhy
al kyl group, a 1-1-C6 al koxy-Cl-C6 al kyl group, a
ac@pCHol kenyt gnoupoia WRefbial Ryny$ Friopdrogen atom or an
ethyl group; |
(7) the compound according to any cne of (i) to (&) or a
pharmacologically acceptable salt thereof, wherein R® is a
hydrogen atom;
(8) the compound according to any cne of (1) to (7) or a
pharmacologically acceptable salt thereo?, whereir R° is a
hydrogen atom;
(9) the compound accordinc to any one of (1) to (8) or &
pharmacologically acceptable salt thereof, wherein R® is a
hydrogen atom;
(10) the compound according to any one of (1) to (9) or a
pharmacologically acceptable sal:f thereof, wherein R’ is =a
hydrogen atom;
(11) the compound according to any one of (1) to (10) or a
pharmacologically acceptable salt thereof, wherein both R®
and R are hydrogen atoms;

(12) & pharmacologically acceptable salt of a compound

according to any one of (1) to (11), wherein the



Cl- C6 al koxy group, a Cl-C6 al kyl sul fanyl group, a

Cl-C6 al kyl sul fanyl -C1-06 al kyl group, a C2-C7

acyl thi o-Cl-C6 al kyl group, a C2-C7 acyl oxy-Cl-C6

al kyl group, or a C3-C7 'ch%oglkyl group; [00131

(14) a conpound represented by the general fornula

(I'b) or a pharmacol ogically acceptable salt thereof:

- 7-[0014] RRS _,, NNA R3 17cooR 2' =1g, RR2
phaRmMRcoliteriedliyl arasptably 33l if RYIARCRRRRRRand R

are each independently a hydrogen atom a hal ogen
beQﬁQﬂﬁSQﬁfQFQﬂ?K}P aielupmepeloen®e and R2' toget her

MAth the c 1Jg%fon atomto which they are bound forma

C3-CFTRABH IWAP G %@dbt“darmi/d%h?sq%nmﬁfo@%ﬁmaf%m lg) or a

halo n ato a Cl- I a Cl1-C6 al kyl
T SR AR G T hl KO gt oup. &
O§#{&anyl Cl-C6 al kyl group, a Cl-C6 al koxy-Cl-C6
group, a C2-C6 al kenyl group, a C2-C6 al kynyl
group, a Cl1-C6 al koxy group, a Cl-C6 al kyl sul fanyl
group, a Cl-C6 alkylsul fanyl-Cl1-C6 al kyl group, a
c2-Cy acyl thio-Cl-C6 al kyl group, a C-C7
acyR_xy -5C6 al kyl group, or a C3-C7 cycl oal kyl
group) [0815] ( ]QP{Rﬁbound represented by the
gener fdromul @Z(11) of a pharnmacologically
jaccepyabl sallqthereof [0616]

—COOR’  (Ia)
8

R* Rz R1 Rgl R

wherein

Rl, R2, Rz', R", R5, Ra, R7, RB, and R®' are each
independently a hydrogen atom, a halogen atom, or a Cl-Cé6
alkyl group, or R® and R? together with the carbon atom to
which they are bound form & C3-C7 cycloalkyl group; and

R® is a hydrogen atom, a halogen atom, a Cl-Cé6 alkyl
group, a Ci-C6 alkyl halide group, a hydroxy-Cl-C6 alkyl
group, a sulfanyl-Cl-Cé6 alkyl group, a Cl-C6 alkoxy-Cl1l-C¢

alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl group, a

6

()

Cl-C6 alkoxy group, a Cl-Cé alkylsulfanyl group, & Cl-

alkylsulfanyl-Cl-C6 alkyl group, & C2-C7 acylthic-Ci-C6 alkyl

(14) a compound represented by the general formula (Ib) or a

pharmacologically acceptable salt thereof:



-g_ NH23 RCOONII wherein R is a hydrogen

atom a hal ogen atom a Cl-C6 al kyl group, a d-C6

al kyl halide group, a hydroxy-Cl-C6 al kyl group, a

sul fanyl -C -C6 al kyl group, Cl1-Co6 al koxy-Cl1-C6

al kyl group, a C2-C6 al kenyl  group, a C2-C6 al kynyl

group, a O -C6 al koxy group, a Cl1-C6 a |kyl sulfanyl

group, a Cl-C6 al kyl sul fanyl-Cl1-C6 al kyl group, a
[0002-1C7 acylthio-Cl-C6 al kyl group, a C2-C7

acyl oxy-Cl-C6 al kyl group, or a C3-C7 cycloal kyl

group; [0017] (16) a conpound selected fromthe group

consi sting of the follow ng:

() -H61S, 5R 6R) - 6- (am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3- en-

6- aceRc acid,

() [ (1S, 5R 6R) @rarrerRhw 3- met hyl bi cycl o[ 3. 2. 0] hep
- 3- ~6zyl lacetic acid;

3 =) -AA 1S, 4R 6R) N am ¥l - 3- yl bi cycl o[ 3. 2. 0] hep

Rt 3-®¥n- 6-yl]dcetic a@%ﬁ (%3

() -[ (3S5R 6R)|F B%gn nomet hyi - 3- propyl bi cycl o[ 3. 2. 0] hep

R nGPi/I]aCSetcamd (=) -[(1S 5R, 6R) -6-am
met icyclo [3.2.0 ] hept-3-en- 6-yl']

aceti é“aci d; :

[ (1R, 5S, 6S) - 6- (am nonet hyl ) bi cyci o[ 3. 2. 0] hept - 3-en-6- .
whatldiracetic acid; 9 -

[(1'S 5R, 6R)-6-(am nonmet hy_) bi cycl o[ 3. 2. 0] hept - 3- en- 6-

yl Raceric rCidr*, R®, R®, R’, R®, and R® are each

[ (1S, 5R, 6R) - 6- (am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3- en- 6-
independently a hydrogen atom, a halogen atom, or a Cl-Cé6
alkyl group, or R? and R? togetner with the carbon atom to
which they are bound form a C3-C7 cycloalkyi group; and

R® is a hydrogen atom, a halogen atom, a Cl1-C6 alkyl

group, a Cl-Cé6 alkyl halide group, a hydroxy-Cl-Cé alkyl
group, a sulfanyl—Cl—C6 alkyl group, a Cl-Cé6 alkoxy-Ci-Cé¢
alkyl group, a C2-C6 alkenyl group, a C2-C6 alkynyl group, a
Cl-Cé alkoxy group, a Cl1-Cé alkyisulfanyl group, a Cl1-Cé
alkylsulfanyl—Cl—C6 aikyl group, a C2-C7 acylthio-Cl-C6 alkyl
group, a C2-C7 acyloxy-Cl-C6 alkyl group, or a C3-C7
cycloalilkyl group;
[0015]
(15) a compound represented by the general fermula (II) or a
pharmacologically acceptable sal: thereoZ:

[0016]



]acetic acid hydrochloride; [ (IS, 5R 6R) -6-
m nomet.-hyl) bicyclo [ 3.2.0 ] pep L-3-en-6-
acetic acid benzenesul fonate;
R,58,6S)-6-aninonethy|¢§-§tpylbicyclo[3.2.0]hept-3-
6- yl]acetic acid;
R, 5S, 6S) - 6- am nonet hyl - 3- et hyl bi cyci o[ 3. 2. 0] hept - 3-
6- yl]acetic acid p-toluenesul fonate;
R, 5S, 6S) - 6- (anmi ngnet hyl ) - 3- et hyl bi cycl o[ 3. 2. 0] hept -
r_-6- yl]laceric itéh benzenesul f onat e; and

R—e-dam nonet hyl - 3- et hyl bi cycl o[ 3. 2. 0] hept - 3-

3 1. ; . ;
= yl ] acetijc a ph ceutica
R conpysiti@n conprisin éii%gnpouigfﬁr a

phar ogically acceptable salt thereof. according to
any one of (1) to (16) as an active ingredient; (18)
wh:&ugnpharnaceutical conposition according to (17), for
fréating and/or preventing pain; (19) the
phae euti sition acegrding.to (17)., _feor ;
trga??%gya%%?%?ggggge%%fng g g?éégsgbégre@téd ?oﬁ#ﬁﬁé
gro¥iQUR caorsy shing 92 1B SRR, ghﬁﬁ.{l‘i‘gxf%ﬂ%@%fkyl
caused by soft 'tissue or peripheral”injury,
gromest kerspe-flat yleWal@l a110gci Piédh, neur al@sdalxoxy-c1-C6
trigem nal neural gia, nyelonere or intercostal
al kyeuralogira, acern-rcd Mdnym&}w@mlfﬁccpa@ﬂ,alﬁ?ﬂyﬁi fLoup, a
oain associated with osteoarthritis or articular
Cl-%e @nEtoxymoqraim as S0t G esl iyl duldmb ysi 9onousprai 0] -06
_-rauma, spondylalgia, pain caused by spinal cord or
al g femeh G WY 2 By L paioup n 2 he2 tOnheachhckiostlatbcalkyl
neural gi a, toothache, of asci al pain syndrone,
gro@@'siaog}immpéi%‘/,lcg’b\u'ﬁyl‘ ¢ relipal reamsedr by BIr®!
ﬁ%%ﬂyaq pai n, muscul ar pain, ocular oain,
Y SR Y mat P Riai n, orof aci al pain, abdoninal pain,
[Oog@in associ ated with dysnenorrhea, |abor pain, or
. endonetriosis, somatalgia, pain associated with nerve

(1691 nygdﬂgde'ggfgé%ed from the group consisting of the

following:

H

( )—[(1S,5R,6R)—6—(aminomethyl)bicyclo[3.2.0]hept—3—en—6—
yllacetic acid;
(i)—[(1S,5R,6R)—6—aminomethyl—3—methylbicyclo[3.2.0Jhept—B—
en-6-yllacetic acid;
(i)—[(IS,SR,6R)—6—aminomethyl—3—ethylbicyclo[3.2.0]hept—B—en—
6-yljacetic acid; '
(t)—[(1S,5R,6R)—6—aminomethyl—3—propylbicyclo[3.2.0]hep:—3—
en-6~yllacetic acid;
(i)—[(1S,5R,6R)—6—aminomethyl—3—butylbicyclo[3.2.0}hept—B—en—
e-ylijacetic acid;
[{1R,5S,68)-6-(aminomethyl)bicycio[3.2.0)hept-3-en-6-

yllacetic acid;



pai n associated with anputation, tic doul oureux,

neuroma, or angiitis, pain caused by diabetic

neuropat hy (or diabetic peripheral neuropathic pain),

pai n caused by chenot herapy-4induced neuropat hy,

atypi cal facial neuralgia, neuropathlc pain in the

| ower back, trigem nal neural gia, occipital

neur al el omere or intercostal neural gia,

]ﬁbéﬁhﬁgia‘va Heeidh it ¢ W10 heu? al fhapasSoenated

with AIDS, hyperal gesia, burnlng pai n, sudden pain,
quﬁﬁ%ﬁiéédgéﬂj chenot her apy, occi pital neural gia,

]ﬁ§§§%o enlp aln ain —associated with gallstone,
a hi & G HEMI ety bifat A 10 pai - As_2RF afzanwhr h

1 1GanGer {thgtog&%ﬁn%%gbh t,func_tlonal abdom nal pain,

hea ache acut t ensi on headache, S|nus

klfse%%céﬁ\, O LB e 10s R e Bt Shrh ikt

pain,” maxillary sinus a|n “ankyl'oSi ng

ylﬁa‘}@i%/& HdiW i bdSzePOSE ORGLALLYE pain, scar pain,

chroni ¢ non- neuropathic pain, flbronyalgla

(1HYEE F &Py 4 6 Cath 8 &fd fﬂﬂ@@hﬂm@?bh@%)@ 0]hept-3-en-6-
(particularly, partial epilepsy, adult partlaP

v1iseiemiire,a@id; partial seizure in epilepsy patients),
generali zed anxi ety disorder, and restless |egs
(1yrid on), — € 200 L hbree phat nBcetbytlal cgobpo3i 21 Ohhept-3-en-6-
accordlng to (17), for treating and/or preventing
p?éi%}—k%u%%ﬁdbly @@atb@me@ulf@uaopat hy; -11 (21) use of
onpound or a pharmacol ogically acceptable salt
]tﬁ'resrse'oqs AR Of YT HICTRE ARy b%ee‘éhy p}cyeleid)2f Bt hept-3-en-6-~
produ0|n har maceut i cal conposition; (22) the use
ré%%% ¥%3§enmﬁ%}e?%atﬁe %ﬁ%rnaceutlcm
jop_is.a conpos i op. for tre g,apd/or .
prevé’éing %%%%Om?ggy % EEEB%EﬁF g' fo ?Qﬁ??'ﬁ‘en_e"
ylpguggagl ibespharmaceutical  conposition is a
onp03|t|on for treating and/or preventing pain

CUQaQ§%Qu9MnQ¢@Q€1&§ln@@ﬁ§@§£@¥on comprising a dompound or a
pharmacologically acceptable sal“ thereoi according to any
one of (1) to (16) as an active ingredient;

(18) the pharmacéutical composition according to (17), for
treating and/or preventing pain;

(19) the pharmaceuticali composition according to (17), for
treating and/qr preventing a disease selected from the group
consisting of acute pain, chronic pain, pain caused by soft
tissue or peripheral injury, postherpezic neuralgia,
occipital neuralgia, trigeminal neuraigia, myelomere or
intercostal neuralgia, central pain, neuropéthic pain,
migraine, pain associated with osteocarthritis or articular
rheumatism, pain assoclated with contusion, sprain, or trauma,

spondylalgia, pain caused by spinal cord or brairn stem injury,



(24) a nethod for treating and/or preventing pain,
conprising admnistering a
phar macol ogi cal | y-effective anount of a conpound or a
. phar macol ogi cal |y acceptapl§ salt thereof -according
co any one of (1) to (16) t0 a mammal; (25) the nethod
according to (24), wherein the pain is pain caused by
di abeti c neuropathy; (26) the nethod according to
palpzép)n the (ZET Westei el rmmmlraiaia Hureirha cing,
[0018] . (27) a conpound represented by the. general
myoffé‘rsrﬁﬂaé PRELD) SYUEIY, AP MDY PBin GOON Y IPaingapain
R.a R8a' R 2a wherein 12 R a, R2a R2a' R4a,
Calﬁ@& BEUAR REBL WS &dcH i %%Cdelrﬁférmyu apwd%g%-nr

hal t Cl-
SR S 1 ) o8
N f S I d,R3
oo 8 BN L0 2 ST S ORI B, o, SIS 8.

| kyl. shal r -
Somggtéaﬁg %a )sgua ?gfy%cﬁl%%m%?ygﬁ%% Q}-_: g @é‘é(_ar injury,

paidl ke ClatE@ Waldey lanh ot i ¢h C2- {5 @(Ltkf&ﬂetgio%’eu‘ao'na, or
C2-C6 al kynyl group, a d -Ch al koxy group, a

angdlikl ssuldaany lc i<, b Glakdr 1 alkarh sabd ey | ¢ &L- @_ﬁabeplv
al kyl group, a C2-C7 acylthio-Cl-C6 al kyl group, a

pe D HEk s vlcoxyop@l=rGh- addd) groain ciusedIp/chenotherapy-
cycl oal kyl gr oup. Advantages of the Invention

induced neuropathy, atypical facial neuralgia, neuropathic

pain in the lower back, trigeminal neuralgia, occipital

neuralgia, myelomere or intercostal neuralgia, neuralgia

associated with HIV, neuralgia associated with AIDS,

hyperalgesia, burning pain, sudden pain, pain caused by

chemotherapy, occipital neuralgia, psychogenic pain, pain
associated with gallstone, neuropathic or non—neuropathic
pain associated with cancer, phantom limb pain, functional
abdominal pain, headache, acute or chronic tension headache,
sinus headache, cluster headache, temporomandibular join=
pain, maxillary sinus pain, pain caused by ankylosing
spondylarthritis, postoperative pain, scar pain, chronic non-
neuropathic pain, fibromyalgia, amyotrcphic lateral sclercsis,
epilepsy (particularly, partial epilepsy, adult partial
seizure, and partial seizure in epilepsy patients),
generalized anxiety discrder, and restless legs syndrome;

(20) the pharmaceutical composition according to (17), for
treating and/or preventing pain caused by diabetic

neuropathy;



[ 0020 The present invention can provide a bicyclic
y-am no ‘acid derivative having excellent activity as
an a25 li.gand,” or a pharnacologically acceptable salt
thereof, a pharmaceutical .cqmuosition having an
excel l ent therapeutic and/or preventive effect on
pain or disorders such as those involving the centra
nervous system and an internediate for producing the
(2lglarkse Belsta Mysderdwird Gar ry ipfip Qoacoheglhnwényi encep08B1E sal
In the present specification, a "halogen atom' refers
theipokh FIRRAGIRG chIRY e B oni hb, ter (£6di Aerapsariucing a
0022; 13 In the resent speci fication, a "Cl-C6
BRASYr G CPMRESTIP A |inear or branched al kyl
) havin at ons_and |Bcludes net hyl

rou ar
(2 >th Piop “rCC’?ngorb?op?ﬂ pr)om\}?er %Bbﬁ §| Phagpagghyfcal
|, t | but.yl
coéé?élgn%y li et%ﬁwbropy enh%%§|_rea § F%a%ot preventing
afpthylpentyl 3- net hyl pentyl, 2- nethylpentyl
1- nethylpentyl 3, 3- dlnethylbutyl 2, 2- dlnethylbutyl

(23 lrigh rpd dyd beid yd 8o HiTE! hyh BRLY . Q
1)3 di met-hyl but yl %n% |nethy|buty|, ;%e Eharmac eutica

combdyi budy! i Qr@U@ﬁmDéQDQﬁii f@vthﬁeﬁtﬁﬁénbnd/or preventing
specification, a "Cl-C6 al kyl halide group” refers to

paimecéﬁﬁe&ﬁbﬁj&yib@tn@pﬁe&ubsathyted by the "hal ogen
atom and includes trifluoronmethyl, trichloronethyl,

(24)i 4 uvoeoned hiydy Uiehtoronetdvbr dibvembmeghypkin, comprising
fluoromethyl, 2,2,2-trifluoroethyl,

ad@?@“?t$¥+%%l%r@%@ﬁ@@cgl%@bﬁee@hfof2~teNEoﬁ®ephylOf a
2-fiugroethyl, 2-iodoethyl chl or opr opyl ,

CORPAF bR yF | p%ﬁﬁm%"?ba%he‘%(jy]rYg%ﬁp@taPG@Z@F“ thereof

according to any one of (1) to (16) to a mammal;

(25) the method according to {24), wherein the pain is pain
caused by diabetic neuropathy;

(26) the method according to (24) or (25), wherein the mammal
is a human; and

[0018]

(27) a compound represented by the general formula (III):

[0019]
4a
R Sa
R
NH,
R 4 | >—CcooH )
8a
2a' R
R I{ZifiklIisa

wherein



In the present specification, a "hydroxy-d -C6 al kyl
group" refers to the "Cl-C6 al kyl group” substituted
by a hydroxyl group and includes hydroxynmnethyl,
2- hydr oxyet hyl , 3 hydroxypr;gyL,'4-hydroxybut_yl,
5- hydr oxypentyl, 6- hydroxvhéxyl, 1-hydroxyethyl, and
= hydroxvpropyl groups. [00251 In the present
spegifigatig%ﬁ a ;surggny%-CJ-CB al kyl group" refers
t oRthe RFC1-%8 al Ryl §ouR °sabst REUt edebpaah sukkamylden=ly
group and i ncl udes. nercapt onet hyl, nercaptoethyl, 2 14
2 NYGregsttostia ., aerdastesprasiit.. ,0R- aetlc@pt @bkppyyroamd or
Egas- gergaplo rogll groups. [0026] In the present
sSPECifi catPOR- 1Al " EotEet Af keAYPOFr 8lF™ tPefBASht hgy are
| i near__or ed- al k |. group having 2 to 6 carbon
_boua Qo%s%rght? ﬁ]%%ecsysiorﬁaﬂ%/ylalqu?pi-%Pﬁpenyl ,
i sgpr apenyl- - but enyl . 2-but enyl , 3- but enyl S
2 %.et h‘)%] [%_ﬁypéroﬁvnr§/|¥tcﬁn_rnect m?g%??F’atOHL, c\y t1-Ccé aka;
~rethyq-l~pr vl - <1- et lyl,. 1-pent e
gro%l-pg‘eer?t )edr}yIC:dOSEE}'LFpkee};r;it ennay“l]l,cpéf'r d[}é%{{ﬂ‘é’ny%,n§%ﬁ§‘? yere{u{é:6 alkyl
rdut enylsu1Famiihd r-2dubanyl g 3suEt hyl 3=t —C1-C6
’ dgi:ﬂnet hyl - | -’_ﬁg{uenyu 2. rqr{e%ahy?%)%%ht%nglis,@y £Moxy-c1-ce
aliZneidodp, 3-buteml \allkdBiihdroup, bAt€MYEe alkynyl group, a
1- et hyl - 2-butenyl, 1-methyl-3-butenyl, 1, 1-
Cl-dgienetithdsat Igtqui,, 2 dimstdyd tky psopeay)l group, a C1-C6
1, 2-di met hyl - 2- propenyl, 1-ethyl-1-propenyl, 1-ethyl
alky2d spridpend - Cl=Grexaenisy’, grbumxenyC?2-37 haxehyhio-C1-C6 alkyl
4- hexenyl, 5-hexenyl, 1,1-dinethyl-- butenyl, '
grqupy- i A - miaremidl-Col, allay heg hgte 3- but @2ny3-C3, 3-
qi t hyl - 1- butenyl, 1-nmethyl-1-pentenyl,
CYLSGREt =Pt enyl,  1-net hyl - 3- pentenyl, 1- net hyl
-4-Dent enyl, 4-nmethyl-I-pentenyl,
4- et hyl - 2- pentenyl, and 4-net hyl - 3- pent enyl groups.

Ad%ﬁ%ﬁ%QES I tgg%:qﬁg%gq%lﬁpecification, a "C2-C6 al kynyl

refers to a'linear or branched al kynyl group
[od¥@ming 2 to 6

.The present invention can proVide a bicyclic y-amino
acid derivative having excellent activity as an @, ligand,
or a pharmacoclogically acceptable salt thereof, a
pharmaceutical compesition having an excellent therapeutic
and/or preventive effect on pain or disorders such as those
involving the central nervous system, and an intermediate for

producing the same.

Best Mode for Carrying Out the Invention
[00217F -

In the present specification, a "halogen atom" refers to
a fluorine, chlorine, bromine, or iodine atom.

[0022]



carbon atons and includes ethynyl, 1-propynyl,
2-propynyl, 1- butynyl, 2-butynyl, 3-butyny'
_-net hyl -2-propynyl, 1- pentynyl, 2-pentynyl,
3-pentynyl, 4- nentynyl 3-nprhyl 1- butynyl,
2-met hyl - 3- butynyl, 1- nethyl'? butynyl, 1- nethyI-S-
butynyl, 1,1-dine thyl 2-propynyl, 1- hexynyl,_
2- hexyny-, 3- hexynyl, 4-hexynyl, and 5-hexynyl
grdﬁp§he-pm§8~qﬂXH§ECﬂﬁi¢amﬂgmesenfCSp@ciélhgti@noup"
"Cl-C6 al koxy group"” refers to the "Cl-C6 al kyl

TR DUPTC bOUkENT BT o oRygenratiomland grecbutiesimet Roxy, 6

t hox r opoxy, i SOpropox but oxy, _ isobutoxy,
'Ca’&%t%&?}g %ﬁ% Jora‘fjo@esp%ﬁ%fayy PSBFént BXyPY2, isopropyl,
At hyl b neopentoxy, hexyl oxy

uﬂxhﬁtﬁﬁg%é%g%x ﬂeYhleeﬁ%oky Yamdpﬁnﬁﬁvhypﬁéﬁf@%yl 2-
- 100 the, pr ecificatlion, CB
m“%ﬁi%%guYTaﬁéggp%¢€%p rg?g 950 He’ Bfx 'aPﬁﬁpexyl

, . undz 0. ,at ]
e %gﬁg fanyfg @h 3# TYah ?”hg ﬂgigg Sor ﬁfan Pgtnv*p°n+yl

3, 3@%@@&*%{3@)/'2 @U&ﬂn%g{lg?%'tm,' ?LOQUH%% ‘hfy%%[tyl 1,2-

sec- butyl sul flanyl, tert sul f

dirperitylisst §anyl , 3+ sopephyhsukianyb, s- -dimethylbutyl, and 2-
2- nethylbutylsulfanyl neopent yl sul f anyl

etiyBbhwyy propybsul f anyl, hexyl sul fanyl

i sohexyl sul fanyl , 4-nethy|penty|su|fany| 3-
[0G@3 hyl pentyl sul fanyl, 2-nmethyl per zylsulfany_ -

met hyl pentyl sul fanyl, 3, 3- di met hyl but yl sul fanyl, 2, 2-

di et i1 UHSASANT 3841 41 qa i aet hyl butyTeust apyl halide

di met hyl butyl sul fanyl, 1, 3-di methyl butyl sul fanyl, 2, 3-
g*%W%Etﬁ%F%ﬁ%y?%u¢$%ny+i Sﬁdaék§ﬂhgﬁﬁepy|§ubs§nymred by the

"EE{ RERy. T1ED <5 kSR OrORD S FAFARBIPDSERgL) CErERRAPRARS b1,
d;%ﬂ&?P%%iy %Lg§$§g%% ?mg ﬁv Cla rghg%é¥hggourluoromathy_
2,2,2-trifluoroethyl, 2,2,2—Lr1chloroethyl,.2~bromoethyl, 2=
chloroethyl, 2-fluoroethyl, 2-iodoethyl, 3-chloropropyl, 4-
fluorobutyl, and 6-iodohexyl groups.

[0024]

In the present specification, a "hydroxy-Cl-C6 alkyl
gfoup" refers to the "Cl-Cé alkyl group" substituted by a
hyqroxy_ group and includes hydroxymethyl, 2-hydroxyethyl, 3-
hydroxypropyl, 4-hydroxybutyl, 5-hydroxypentyl, 6-
hydroxyhexyl, l-hydroxyethyl, and l-hydroxypropyl groups.
[0025]

In the present specification, a "sulZanyl-Cl-Cé alkyl
group" refers to the "C1-C6 alkyl group" substituted by a

sulfanyl group and includes mercaptomethyl, mercaptoethyl, 2-



et hoxynet hyl , propoxynet hyl, but oxynet hyl,

3- net hoxypropyl, 3-ethoxypropyl, 4-nethoxybutyl,

5-met hox_ypentyl., and 6- nethoxyhexyl groups. 16 -

[0031] In the present specifjcation, a "d-C6

al kyl sul fanyl -C1- C6 al kyl group"” refers to the "Cl1-C6

al kyl group" substituted by the "Cl-C6 al kyl sul fanyl

group” and includes nethyl sul fanyl met hyl, et hyl
MErSFPLE/FRNB h{ier CapytaiRA A fardimmetdaptopropyl, and 3-

i sopropyl sul fanyl met hyl, butyl sul fanyl met hyl ,
merF?BEGP?P?MFfEﬁﬁPﬁﬁrhyl, sec- butyl sul fanyl met hy1,
[Ookgnt-butylsulfanylnethyl, pent yl sul f anyl net hyl ,

fsopentyl sul fanyl et hyL, 2- rmethyl butyl sul fanyl et hyl ,

ne?PeQB¥Lég%%gﬁ%;?%g%ﬁ%lc%%g¥%g{%gﬁ%ﬁ%%%sgﬁéggyg’group"

hexyl Su sohexy
efd2ethyl pentyl_sul f.a (15,3 _ : 5o g
ha %e?ﬁy?%gn?y%éﬁrfghy?%%iﬁégtd af&enyl group having 2 to 6

carBofBthyhRenhy sWdamd Propwy, kiiy, l-propenyl,
nmet hyl pent yl sul f anyl propyl, I

lSO@I&p@hlyB_t,hy_l—mttﬁlr@ujlf QI%LHEQ‘M,, 3—bute_nyl’ Z—methyl_l_
2, 2-di nmet hyl but yl sul fanyl propyl, 1,1 direthyl bu

propksyllf, anyinpropyla 1%:12- di-meddr but-yd saddrany) propytnyiaiiyl,
1, 3-di net hyl but yl sul f anyl propyl, 2, 3-

1-peinreniyyl, bat-plesulsrany| f-apriterayid 4-pentenyl, 3-methyl-i-
2- et hyl butyl sul fanyl propyl groups. [0032] In the
butgpgdent’ -§gedivili-datdwrenel " -7 et I Hhec Sy 06 2-ahdkiyhyl-1-
rouyp" refers to the "Cl-C6 al kyl group” substituted
but%ﬁyia CCPSER YA T i oup? ety Y=oyt erey) t hl onethyl-1-
b tgroqp"TQefgas_ to.a "C2-C7 acyl group” bound to a
UEERVFur alEmYHE "R L acy TG B 3 TR RV i e thE

d im%%%'ycf% lq.ly@f l lg, rZQ%;nélc%Jynld— lt-op e pecna§; P ,o nf/,l 2 —gcri :E)I%iI th }L lO 0 23 —3 ]
propenyl, l-ethyl-l-propenyl, l-ethyl-2-propenyl, l1-hexenyl,
Z2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, i,1-dimethyl-i-
buteny’, 1,1—dimethyl—2—butenyl, 1,-dimethyl-3-butenyl, 3,3-
dimethyl-l-butenyl, l-methyl-l-pentenyl, l-methyl-2-pentenyl,
1—methyl—3—pentenyl, l-methyl-4-pentenyl, 4-methyl-l-pentenyl,
4-methyl-2-pentenyl, and 4-methyl-3-pentenyl groups.

[0027]

In the present specification, a "C2-Cé alkynyl group”
refers to a linear or branched alkynyl group having 2 té 6
carbon atoms and includes ethynyl, l-propynyl, Z-propynyl, 1i-
butynyl, 2-butynyl, 3-butynyl, i-methyi-2-propynyl, 1-
peqtynyl, Z-pentynyl, 3-pentynyl, 4-pentynyl, 3-methyl-1-
butynyZ, 2-methyl-3-butynyl, l-methyl-2-butynyl, I-methyi-2-
butyny., 1,l-dimethyl-2-propynyl, l-hexynyl, Z2-hexynyl, 3-

hexynyl, 4-hexynyl, and 5-hexynyl groups.



The "C2-C7 acyl group” includes acetyl, propionyl,

butyryl, isobutyryl, sec-butyryl, tert-butyryl,

penranoyl |sopentanoyl 2-met hyl butyryl,

neopentanoyl l-et’ onropiggyL, hexanoyl ,

4- nethylpentanoyl 3- net hyl pent anoyl, 2

met hyl pent anoyl , and 1- nethylpentanoyl groups. [0034]

- The "C2-C7 acylthlo group"” includes acetylthio,
Oogﬁéplonylthlo butyrylthlo i sobutyrylthio,

lthio tert-butyrylthio,, entanoylthlo
" SEBehP AT FERRS, SPECHERRTLEGEy ¥ { rioCE alkoxy §roup”

R B AR P S JPIR e
B R PRl e Tt L kkiff“og’%up"
1soblgludes s —actyl hiiet Byl t,hi“zfébuty)%]y",oelt%entoxy, -

3-acefyl thiopropyl, 4- acety

me tPROPLGBYIL, hln@&iehydoxﬁ reaph i) t N -agd W iperdtiky,  3-
butyryl t hi omet hyl groups. [0036] In the present

me thyépichitoatyi, omnd 2-GatGk latsH sy Grd&¥ps al kyl  group”
refers to the "Cl-C6 al kyl group"” substituted by a

[002@2- C7 acyl oxy group". The "C2- C7 acyl oxy group”
refers to the "C2-C7 acyl group"” bound to an exygen
at &M tN60BTESEThe S'p@zuélcaa;ylog»«y agr'éip'Ch pdlkydes:1fanyl
acetyloxy, propi onyl oxy, butyryloxy, i soburyryl oxy,
TogEC- BERHFEA d%@/thet erC'El VIWFOX I T paEnt drytdxsy a sulf

|sopentan 0X thylbut ryl oxy negpentanoyloxy
ato %%%lrew YRR oy oy N

pm%g Rﬂ% o D e P oups,

1sJH%%§¥sulfanyl, sec-butylsulfanyl, tert-butylsulfanyl,
pentylsulfanyl, isopentylsulfanyl, 2-methylbutylsulfanyl,
neopentylsulfanyl, l-ethylpropylsulfanyl, hexylsulfanyl,
isohexylsulfanyl, 4—methylpentylsulfanyl, 3-
_methylpentylsulfanyl, 2-methylpentylsulfanyl, I-
methylpentylisulfanyl, 3,3-dimethylbutylsulfanyl, 2,2-
dimethylbutylsulfanyl, l,l-dimethylbutylsulfanyi, 1,2~
dimethylbutylsulfanyl, 1,3-dimethylbutylisulfanyl, 2,3-
dimethylbutylsulfanyl, and 2-ethylbutylsulfanyl groups.

[0030]

In the present specification, a "Cl1-C6 alkoxy-Cl-Cé6
alkyl group" refers to the "C1l-Cé alkyl group" substituted by
the "CI1-C6 alkoxy group" and includes methoxymethyl,
ethoxymetnhyl, propoxymethyl, butoxymethyl, 3-methoxypropyl,
3-ethoxypropyl, 4-methoxybutyl, 5-methoxypentyl, and 6-

methoxyhexyl groups.



The "C2-C7 acyl oxy-Cl1-C6 al kyl group" includes

acetyl oxynet hyl , 2-acetyl oxyethyl, 3-acetyl oxypropyl,

4- acetyl oxybutyl, propionyl oxymethyl,

2-propi onyl oxvethyl, and _bytyryl oxymet hyl groups.

[0039] In the present specification, a "C3-C7

cycl oal kyl group"” refers to a saturated cyclic

hydrocarbon group having 3 to 7 carbon atons and
[OQ%hludes cyclopropyl, cyclobutyl, cyclopentyl,

cycl ohexvl, and cycl oheptyl groups."$0049]'~8ince a
- compolritf rEFTEEENtSRE By 1 fdheral "¢ orhl &L fy)sulfanyl-Cl-

. when. havi ng, am po_and/ or cay, hox | groups in the . _
C6sw$5%Tu?%?u ornE & 3at? ?%Tou@h‘%@agffﬁh @FPHPanSgeFgltuted

_ar baser-a_- . rymcol pgically acceptable salt”
byré?%rs“foc§hfsk§g$¥fga?%g4%fogﬁltgnéaEBSEBHeﬁn ani no

A - dro [ . as drof hl ori de,

me%@%?%%h?ﬁéygﬁ,tﬁ¥d+o€?%%?§§f§§ﬁ IR 5030 odi de

prdBPI 9aNEEnpChe:8pl | Si sYshog91 BydEgabharide;  nitrate,
Perchl orate, sultate, and phosphate] | ower

buﬁ¢3§m35ah§pm@tﬁﬁlﬁugbo@@tyﬁéﬁgﬁsﬁghﬁ@eﬁyﬁ,-sec—
tri =l uoronet hanes; : | fonate, and ethanesul fonate;
buiay y$suf fopanheshgluchtast benzehesukbapanetand, p-
tol uenesul fl onate; organic acid salts such as acetate,
pPemay bte: fanyhmeabe; , suechermt gl sultrayéstagior Bat e,
tartrate, oxalate, and nmaleate; and am no acid salts
-meshihbasygbypefarysarnylioneppsnaglsalfansgiginivae 3alt,
ornithine salt, glutamate, and aspartate. |norganic
ety HrgﬁyfguofaﬁYgFEGY%on%?%¥l§PéIaBVéF§P¥%be, and
droghlonide, nzen§§ulfon r

s ER RSO rRMEEET S, e poat brhbrest Geazf et hvaal s
me?ﬁ?fﬁeggyﬁsﬁfkgg§ étg§99p2LH&%H%Ebe%%@?ELlgg%?hpropyl, 1-
methylpentylsulfanylpropyl, 3,3-dimethylbutylsulfanylpropyl,
2,2—dimethylbutylsulfanylp:opyl, 1,1-
dimethylbutylsulfanylpropyl, l;2—dimethylbutylsulfanylpropyi,
' l,3—dimethylbutylsulfanylpropyl, 2,3~
dimethylbutylsulfanylpropyl, and 2-ethylbutylsulfanylpropyl
groups.

.[0032]

In the present specification, a "C2-C7 acylthio-Cl-Cé6
a’kyl group" refers to the "C1-Cé alkyl group" substituted by
a "C2-C7 acylthio group". The "C2-C7 acylthio group" refers
to a "C2-C7 acyl group" bound to a sulfur atom. The "C2-C7
acyl group" refers to the "C1-C6 alkyl group"” bound o a
carbonyl group.

[0033]



salts such as sodiumsalt, potassiumsalt, and |ithium
salt; alkaline-earth netal salts such as cal cium salt
and. magnesium salt; netal salts such as al um num salt
and iron salt; inorganic §a£;s_such as anmoni um sal t;
am ne salts, for exanple, ofganic salts such as
--octylam ne salt, dibenzylam ne salt, norpholine
salt, glucosam ne salt, phenylglycine alkyl ester
 salthe etRtCheatahi greoenl t indhuaes hytgtutanprepdahty,
uani di ne salt, diethylamne salt, triethylamne
busﬁfﬁ}fdi%?%PéhéX%iaﬁ?ﬁeb§5V€le,Nert~butyryl, penzanoyl,
. _di benz Ie;hy%enedianjne salt, chloroprocaine salt,
1SPPOREPRRY L saf T Bl Bt REhBF ¥k nBegRFRanoyl, l-ethylpropionyl,
yl phepet hyl am ne salt . I perazi ne salt,
ne DL PR A kot B 88pP T g8t BY1BE a2
oA d t ) am nomet hane _salt; and am no acid
e Y S eSS 2P e Ry L g gh i e
[o6akt, ornithine salt, glutamate, and aspartate.
[0043] A conpound represented by the general fornula

(|)Thé|Tﬁz—Ci»ac§ltﬂﬂ@”@roﬂ$eniﬁgiﬁdé@ L ga@&gpg?,

recrystal l'i zed, nay associate wth adsorbe

prépionghtas eroabgoypthes, t @sobergrhvndiat @e SR yrylthio,
hydrates are al so enconpassed by the salt of the

teptesenyrihventi openf8044Lthid) iThectompeyndhnio, 2-
represented by the general formula (1) or (Il) has an

megRy Bty el eht bonnaepanianpys thvbec e tayd pradiersfiane ¢,

i ncl udes optical isomers. All. these isoners and
heydReytbRief {nesEhvipABFSNAVEthepr eSemestyipeatsinmgllehio,
2_f0énuLa, i.e., the general formula (I) or (II). Thus.

PR ORPBERACY | Bt BseRPEd bt hElgeRs ARG aroups.

9 5(II) al so enconpasses all such optical isoners and

[Onéxtures of these optical isoners at appropriate

'%Hfﬂg'"&émggsacylthio—Cl—C6 alkyl group" includes
acetylthiomethyl, 2-acetylthiocethyl, 3-acetylthiopropyl, 4-
acetylthiobutyl, propionylthiomethyl, 2-propionylthioethyl,
and butyryltniomethyl groups.

[0036]

In the present specification, a "C2-C7 acyloxy—C1—C6
alkyl group" refers to the "C1-Cé alkyl group" substituted by
a "C2-C7 acyloxy group". The "C2-C7 acyloxy group" refers to
the "CZ-C7 acyl group" bound to an bxygen atom.

[0037

The "C2-C7 acyloxy group" includes acetyloxy,
propionyloxy,.butyryloxy, isobutyryloxy, sec-butyryloxy,
tert—butyryldxy, pentanoyloxy, isopentanoyloxy, 2-

‘methylbutyryloxy, neopentanoyloxy, l-ethylpropionyloxy,



The conpound represented by the general fornula (1) is
preferably a conpound represented by the genera
- formula (la) or -(Ib), nore preferably, a conpound
represented by the general Qp[pula (Ib). In the
general formula (1), (la), o (Ib), R is preferably
a hydrogen atom In the general formula (1), (!'a), or
(Ib), R i, s preferably a hydrogen atom 1In the
hexgareyr =z ordhecify)peftayoybox () bprmB2hyilpenpraberabbhy 2-
a hydrogen atom In the general formula (1) , (la) ,
mefhpPentangyigxy, RAnd sl-peehetpbhyanolydrygemoapem or
d -C6 al kyl group, nore preferably a hydrogen atom
[Oéb%kthyl group, an ethyl group, a propyl group, or a
‘butyl graoup,. even nore preferably a hydrogen atom or
anEéthF%gﬁ u@CHAPHRNE Gérferat Ky bragpepr | ipcludes), or

~ A " _0LS o, f er apl hyd ep atom S In the
oA O o (17 (LYo oY (L by - SRESFACHHPEPEY Abl §-
- t 1 - 46] . 1 n,th eneral formul
2o SRRy B Mo tory L MRl b B Py BE0Ry GPueBRVE B and
pudyrihscgeneial fesppsa (1), (la), or (Ib), _R7 J" s
preferably a hydrogen atom In the general fornula
[0gq39), ('a), or (Ib), R3is preferably a hydrogen atom

In the general formula (I) , (la), or (Ib) R8 is

pr éfertalel yreserdr egesciationatidh t he general cfo1831 181 group”
(I'11), Rais preferably a hydrogen atom i

"refers to a saturated cyclic hydrocarbon group having 3 toc 7
carbon atoms and includes cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, and cycloheptyl groups.

[0040]

Since a compound represented by the general formula (I)

’

. when having amino and/or carboxyl groups in the structure,
forms a salt through reactiorn with an acid or a base, a
"pharmacologically acceptable salt" refers tc this salt.
[0041)]

Saits based on an amino group include: hydrohalides such
as hydrorfluoride, hydrochloride, hydrobromide, and
hydroiodide; inorganic acid salts such as hydrochloride,
nitrate, perchlorate, sulfate, and thsphate; lower
alkanesulfonates such as methanesulfonate,
‘trifluoromethanesulfonate, and ethanesulfonace;
arylsulfonates such as benzenesulfonate and p-
toluenesulfonate; organic acid salts such as acetate, malate,
fumarate, suCcinate, citrate, ascorbate, tartrate, oxalate,

and maleate; and amino acid salts such as glycine salt,



In the ' general fornula (ITT), Rea is preferably a
hydrogen atom In the general formula (1=l), Rea is
preferably a hydrogen atom In the general fornula
(I'11), R3a is preferably a ,Rhydrogen atomor a Cl-C6
al kyl group, nore preferably™a hydrogen. atom a
nmet hyl group, an ethyl group, a propyl group, or a
but yl group, even nore preferably a hydrogen atom or
1YSARE SEMH, SR ing s gemerbthine ned bt (191 ) amdaej sand
preferably a hydrogen atom In the general formula
asP@FF@F° Ryénp§gﬁﬂéﬁeﬁ56pyS&1¢ﬁyd%og%ﬁvkﬁwﬁnOHataﬂuare
ner fornulaﬁ%i Q referablf hydr ogen
pre%te&rﬁbi% tHE g 1f%"r frz§neraliprapr of @F abty
en atom 22 - 00471 The conmpound r epresent ed

tol%ent%e general Tortitia {19-F52°Speci i cal Iy

00 éqnpllfled by conpounds described in, for exahple
?able | bel ow. However the present invention is not

ligkted basthess. al%apg%x%ﬁaqu %Fkgﬁéﬁ adv Fliya1s mecar

represents an n-propyl group represen 5 &%

sallt%orifmwasgrwun[%gﬂ ﬁJ‘a@é@ﬁﬂ“ Be1 NHRGh g COORY: (h) sa1t ;
R2 R 88,1 RR8 R2

alkaline-earth metal salts such as calcium salt and magnesium
salt; metal salts such as aluminum salt and iron salt;
inorganic salts such as ammonium salt; amine salts, for
example, organic salts such as t-octylamine salt, |
dibenzylamine salt, morpholine salt, gluccsamine salt,

| phenylglycine alkyl ester salt, ethylenediamine salt, N-
methylglucamine salt, guanidine salt, diethylamine sait,
triethylamine salt, dicyclohexylamine salt, N,N'-
dibenzylethylenediamine sal%, chloroprocaine salt, procaine
salt, diethanolamine salt, N-benzylphenethylamine salt,
piperazine salt, tetramethylammonium salt, and
tris(hydroxymethyl)aminomethane salt; and aminoc acid sal<s
such as glycine salt, lysine salt, arginine salt, ornithine
salt, glutamate, and aspartate.

[0043]

A compound represented by the general formula (I), (Ia),
(Ib), or (II), when left in the air or recrystallized, may
associate with adsorbed water =hr ough water absorption to
form a hydrate. Such hydrates are also encompassed by the
salt of the present invention.

[0044]



No RLR2 RR~R3 R4 -H-H-H-H-H 2 -CH3 -H-H-H-H
3-H-CH3 -H-H-H 4P -H-HI -CH3 -H 5 -H-H-L |
-H-CHs 6 -H-H- -H-H 7 .-H-H-H-H-H 8 -H-H
-d -CH2CH3 -H 9 -H-H-H -GH CH2C2; - H 10 -H -H -H
CH OH2OH2CH, - 11 -H -H -H2CH (CH3)2 | -H 12 -Y_ -H
H-CH (CH3) CH2CH3 | -H 13 -H -H J -H -CH2(-' H (CH3)

2 -H 14 -H -H -CH2CH=CH3 -H i5 -H -H -H -cvci opentyl
' The qgmpepndlrepr@pp@t@@»@ﬁBthH gkherHl- HorHula (I) oz
-CH9OCH, -H 18 -H-H-H-CH2SCH3 -H 19 -H -H -H -CH3
(z1) ﬂémafzgsmmﬂr*ﬂ Gﬁzrem |latqm 171 14$ melegule -a4d 22
-H-H-H-H 23 -H-H-H-H-H 24 -H-H-H-H-H
_the§§IoH° 1ngluﬁesHoRg§cqq AFQMPLY - ﬁllg?h@ﬁn Hsomer)g apd
% -HIl -H-L 29 -H-H-H-H-H 30 -H-H-H
mix &HféH@F H ese isomers are *ep*esanued by & single formula,
i.e., the gcnﬁral formula (I) or (II). Thusf the compound
represented by the general formula (I) or (II) also
encompasses all such optical isomers and mixtures of these
optical isomers at appropriate ratios.
[0045]

The compound represented by the general formula (I) is

preferably a compound represented by the general formula (Ia)
or (Ib), more preferably, a compound represented by the
general formula (Ib).

In th. ge al formula (I), (Ia), or (Ib), R is
preferably a hydrogen atom.

In the general formula (I), (Ia), or (Ib), R? is
preferably a hydrogen atom.

In the general formula (I), (Ia), or (Ib), R? is
preferably a hydrogen atom.

In the general formulia (I), {Ia), (Ib), or (II), R® is

preferably a hydrogen atom or a Cl-Cé alkyl group, moré

preferably a hydrogen atom, a methyl groug,

o]
3
D
C
)
v
'..l
Q
H
O
o
o]
m

ropyl group, or a butyl group, even more preferablyv a
J X Y

hydrogen atom or an ethyl group.

In the general formula (I}, {(Ia), or (Ib), R® is
preferably a hydrogen atom.
~ - - 5 .
In the general formuia (I}, (Ia), or (Ib), R is

preferably a hvdrogen atom



31 -H-H-H-CH2CHF2 -H 32 -H-H-H-CH2CF3 -H 33 -H
-- -H-H 34 - -H-H-H-CH/CH3 35 -H -H -H -CH2CC H
-H36 -H-H-H-CH2SC(0)CH -H 37 -H-t -H-CH SC (O
CH2CH: ! -H CycioDronane_fgymed by 3,,R -H these
noi eties together with the carbon atom-H -H bound
~thereto Cyci.obutane forned by 39 -H these noieties
together -H-H. with the carbon atom bound :.hereto 40
100 HHHH41-HFYHH42HH--HF
43 -H -L -H -H - 44 -H-H-H -CH2CH -H 45 -H-H -H
- CPBoise. QI’:E‘@*‘%G Eopmuyla. 4L GHAGR) - 197 471D ) HR*HisH

- H 48 -H-H-H-CH2CH3 -H 4 9 -H -H -H
PrEAR A4S 9 I G oo -H 5§ -H-H-H
CI?L'%QE%G ElonéaalHTo@muljl.a I_(II F\,)S H6 FIb)F\,)6 RRe'is
preferably a hydrogen atom.
In the general formula (I), (Ia), or (Ib), R® is
preferably a hydrogen atom.
In the general formula (I), (Ia), or (Ib), R® is
preferably a hydrogen atom. |
In the general formula (III), R is preferably a
hydrogen atom.

formula (III), R*® is preferably

3}

hydrogen atom.
In the general formula (IZI), R?®' is preferably a

hydrogen atom.

=+

In the general formula (III), R* is preferably a

hydrogen atom or a Ci1-C6 alkyl group, more preferably a
hydrogen atom, a methyl group, an ethyl group, a propyl group,
or a butyl group, even more preferably a hydrogen atom or an
ethyl group.

In the general formula (III), R* is preferably a
hydrogen atom.

In the general formula (III), R is preferably a
hydrogen atom.

In the general formuia (IIZI] R% is preferably a
" hydrogen atom.
In the general formula (III), R®®' is preferably a

hydrogen atom.



-H-H-H-H-H 2 -H-H-H-H-H 3 -H- -H-H-H 4
-H-H-H-H-H 5-H-H-H-H-H 6 -CH -F-H-H-H
7-H-H-H-CH3-H 8 -H-H-H-H-H 9 - -H-H-H-H
10! -H-H-i -H-H 1_-H-F-- -H-H 12 -H-H-H-H
H 13 -H-H-H-H-H 14 -H<H-H-H-H 15 -H-H -H
-H-H 16 -F -H-- -H-F 17 -H-H-H-H-H 18 -H -H
-H-H-H 19 -H-H-H-H-H 20 -H-H-C(CH ) -H-H

[09471H - cH: -H22-H-CH7CH -H-H-H 23 -H-n-P= -
“H-H 24 -H-i-Pr -H-H 25 “H-CH3 - ! -H 26 -H
HlQﬁfggqpoqmdryogyn Lgﬁ Py _the gengra28foHmuMa (I) is

E%iakiy ?Fe@PlH—l?p gy gghpgun

example, Table 1 below. However the presen“ invention is not

'U
|(D|

limited to these.
In thm exampLes below, n-Pr represents an n-propyl group

and i-Pr reprasents an _soorony¢ group.

[0048]
[Table 1)
R\ 5
R NHR®
R3 4 COOR’
8
2 . R
R 2 R1 R8



32 -H-H- H-H 33 -H-H-H-H-H 34 -H-H-HI -H
-H 3 -H-H-H-H-H 36 -H-H-H-H-H 37 -H-H-H
-H-H 38-H-H-H-H-H 39 - - -H-H! -H 40 - -H
-H-H-H 41 - - -_H2342_-F-H-H-H-F 25 -
Table 1 co tlnued 43-_F-H-H-H-H 44 -H -CH3 -H -H
-H 45 -H-CHCH -H -H-H 46 -H1 -n-Pr -H-H - 47
-H-i-Pr -H-H-H 48 -H-H-CH3 -H-H 49 -H -H
-CH2CH. -H -H 50 H-H-n-Pr -H-H 51 -H-H-i-Pr -H
NG B2 FH Iﬁz-l‘l - -HRz[ 0049 —"Anmong—the—exenptary o
—C'erp-__ q,unosl, [53..519 lp(it,lllk.id) +—4—8—9 _Hand 10—ar-e —

: 2preL§J_reg YOS50 T O—the L,O[I“l"puuudo rEpresente by-—the
sgeperaly formta (1), & (_.UllpUunu where-n—both—R6—at}e
4R ang nydrogen atonms Iy pr oduced %‘Bfuu exappt e &
sProcass| A (SEeEp A I SIED A2 step A3 opt ﬁaim‘1
cSTEP A @, ang Step A-5). or—a process_p—(step—A 1,_“1‘{3
SSTEp - [I, Stgp D2, optionalstep A4, —and—ste A
8 -H -H -3 —CH,CH, -H
9 -H ~-H -H ‘CH2CH2CH3 -H
10 ~-H -H -4 -CH,CH,CH,CHs -5
11 -H -H -3 -CH (CHs), -R
12 -B -H -B -CH (CE3) CH,CH, -H
13 -E -E -H -CH,CH (CH3) » i -H
14 -E -E ! -H —CH,CE=CH, i -H
i5 -H -H -H -cvclopentyl —H
16 -H -H -H -CH,0C (0) CHs -H
17 -H -H -H -CH,OCH- ~B
18 | -H -H ~E -CH,SCH, -H
19 -H -H -H -CH; —CHa
20 - | -H -K ~CH,CH; -H
21 -H -H -H -E -3
22 -H -E -k -E -H
23 -H -E -H -B - -H
24 -4 -B -H -B -H
25 -E -E -H -} -H
26 -E -H -E -H | -H
27 -H -B ~H -H -H
28 -H -E -H -E -E
29 -H -E -H -E -E
30 -H ! -H -H _CHZCH2F I -B
31 -H -E -K -CH,CHF, -H
32 -H ~H -H ~CH,CF. -E
33 -4 -2 -H -F -E
34 -H -H i -H ~-E t  -CH,CHs
35 -H -H -H -CH,CCH -H
36 -H -E ~H -CH,SC(0O) CHa -3
37 “H -E -H -CH,5C (0) CE,CK; ! -H

i Cyclopropane formed by ' !
38 -5 't'ne.s? moieties together 5 5
with the carbon atom !
bounc thereto
Cyciobutane formed by
39 "y thelse. mt?iei:i_es together B -5
with the carbon atom ’
bounc theretc

40 -F -4 -H ~E . -5
41 -5 -F -E -H - 5 -H
42 ~-H ~H —E -H i -F
43 -H ~-B -E -H ’ -3
4 -H -H -H —-CH,CH, | -H
45 -H -4 -5 -CH,CH, | -1




5). [0051] On the other hand, of the conpounds
represented by the general formula (_), a conpound
wherein both R6 and R are noieties other than a
hydrogen atomis produced through, for exanple, a
step A-o, a step A-7, an opfronal step A-8, and a
step A-9 in this order followi.ng the step A-5. [0052]
pe-BD-26 - R4 RE5RIRS5 O _R3ATR

jlc\n:\; R——R-R-R—R8Fs—2-RReRaELL (2) M4 RE R4
SN RN-—RH—R3T-A3 3L COR-ROP__R2F_Rs
—Ris—R—R—RB-Rs(3)} 8y D1 R4 R5EHCH: R cOR, R2HER
o RB—FINR2 4 —R-aRE Rs# R - FCREE: NE2 a:
50 0 -E -B -E ~CH,CHs -H
51 ~H -H -H ' -CH,CH; ~E
52 -H -H -H -H -H
No R® R® R’ RS , ¥
1 -H -E -E -H -H
2 -H -E -E -5 -p
3 - -x -H -H -E
4 -y -H -H -H -5
5 -H -H -H -H —_H
6 -CH, y: -H -H -H
7 -H -H -H —CH, -4
g -E - ~-H -H -H
S —-X -H —~H -H -H
10 | -H -E -z -H -n
11 -y -E - -H -E
12 -H -y -y -H B
13 -H -E —H -H -E
1¢ -H -H -H -K -E
15 -K -y -y -E -
16 ~E -y -x -E -E
17 -H -E -3 -H -5
18 - -H - -H -4
19 -H -H -H -H -H
20 -H -H —-C(CHj) 5 -5 -r
21 | -H —CH, —H -H -5
22 -E -CH,CHy | -F -H -H
23 - -n-Pr ! -H ' -H -E
24 -H -i-Pr ' -B -H -E
25 -H -H -CH, -4 -E
26 -H -K —CH,CH, -E -E
27 -H -H -n-Pr -E -H
28 -H -H ! -i-Pr -F -E
29 -H - -H -CH, ! —CH,
30 -4 -1 ~E -5 | |
31 -3 - -E -H ! -H
32 —H -H —E s -H
33 ~E -H -H ~E -
34 -p -H -H -H -
35 -HE -E -z -H -3
5 -y -H -F -H -5
37 -H -H -H -H -5
38 ~H -H -H -H -
39 -y -5 -3 -H -5
40 -5 ~H -H -E | -H
431 -E - -x -H -}
42 ' -p | -K ; -H ! -H -E




A-4 A5 R COOP, RR COON R2 Rs Rs RR2 Rl R 8-R8 (6)
(7) RA RS RR NHP3 NPBR6 A-6 RCOOH i RCOH R -
SsRIR R RRR RLRaRs (8 (99 RIRs RA NP-R6 R
NHR6. A-8 A-9 R3 COOR7 R C 5 RRsRa R R R8R
R R Rs R(10) (1) 27 - whérein RR, RR 2 R9, Rs,
R6, R7, R8, and R8' are as defined above; Pl
represents a protective group for a carboxyl group;

- Tabgid JPZCQeIh@IlTP@@epresent a protective group for
49npng-g oup. P[UU55L Hqilb ”.t pallTLﬂlally i
2d ONg_AS| Tt IAﬁ gemeratty use -

—"ZZTTﬁ; CAT POX¥Hy, &, 0UpS:

2 ELNyL; ropylw,lsoprupyé b

4L Ert=pu ylhlngxyl, UIUHP tet

2PeNZyl 1 P- nlgrouenzylhcp Tt

bt ™ L.\.I_h

2 - TEL 10 yoen%yl . P-terg cHuty. 'ucnfy ; —gcetoxymehyt
aproplpnyloxy@ptny|, QHL¥Ey|UXyncLHyT,h 5
51 SO YT YT OXyMet Ny, —; —o¢ . y
52 -E -H -H -F -H

[0049)

Among the exemplary compounds, the compounds 1, 4, 8, 9,
and 10 are preferred.
[0050]

Of the compounds repreéented by the genefal formula (I),
a compound wherein both R® and R’ are hydrogen atoms is
produced by, for example, a process A (step A-1, step A-2,
step A-3, optional step A-4, and step A-5) or a process D

(step A-1, step D-1, step D-2, optional step E-4, and step A-
p P P P J¢

5).
[C051]

On the other hand, of the compounds represented by the
general formula (I), a compound wherein both R® and R’ are

moieties other than a hydrogen atom is produced through, for
example, & step A-6, a step A-7, an optional ste p A-8, and a
step A-S in this order following the step A-5.

[0052]

[Processes A ana D]



val eryl oxynmet hyl, pi val oyl oxynet hyl,
acet oxypropyl, acetoxybutyl,
propi onyl oxypropyl, butyryl oxyethyl,

i sobut yryl oxyet hyl , plvalo%loxyethy
hexanoyl oxyet hyl , |sobutyryloxynethy
et hyl but y-yl oxynet hyl ,

acet oxyettyl,

pr opi onyl oxyet hyl ,

dlnethylbutyryloxynethyl,

Q@ntanoyloxyethy , et hpxycar bonyl oxynet hyl ,
‘h

BF opoxycar b

, “COOP!
oxycarb
Lkt -

bonyl oxymet hy

h
Tt

t

carbony#bxye 3%
g pro__mycarbonylox yl
ﬂﬁeﬁ%y silyl, methoxymeth¥l X et hoxy
propoxynethyl I sopr opoxymet hyl , (2-
nethylthio)-ethyl, 3- net hyl - 2- but eny
3- phthalidyl groups. [0 541 P2 and
particularly limted as
used as protegti ve groupg

Exanpl es t hereof~i ncl kigé T
met hoxycar bonyl , et hox{c 1,;R8phe
fIuorenylnethyloxycarbomyl Radamant y
benzyloxycar onyl . benzylcarbonyl

and pht hal oyl g
gshe produ

by g

Ty

@mn no
Q10

of the conpound
(1), the reaction ti

on the types of startiy
mat eri al s, catal ysts, reagent
in the step and is usually 1 to 48 h
1 to 24 hours. On the othe®hand, ot
are described belowin detail for ea
[Step A-1]

D1

R* 5
R NHP?

COOP!

R4 8
e R RS'R

(6)

5 .
R NP3RS

COOR’
gRE

R!' R

(10)

»SR solvents

onyloxynethyl

onyl oxyet hyl ,

but yl di net hyl sily,

nmet hyl ,
I, 5-indanyl, and
P are not .
are general R
“groupss 28
nylcarbonyR3l
nyl oxycar bory
| oxycar bonyl ,
benzyl ,
r oups. 055]
ctiﬁg/ﬁkgcesses
enerdl formul a
di ffers depending
secondary
etc., used
preferably
condi tions
[ 00561

é?

ours,
her
ch step.

5
R NH,

COOH

R* RS




The step A-1 is a step of producing a conmpound (2)
t hrough al kenyl ati on reaction froma conpound (1).
Sol vents used are not particularly limted as |ong as
they are solvents that do n inhibit the reaction
and can dissolve the starting material to sone
extent. The solvents include aromatic solvents, ether
sol vent s, gster solvents halogenated hydrocarbon
wheseg \erR's, Rt B i/l & soRVerks, Rini 8, B0) vemd 3° ande as
quOX|de solvents. Ether solvents are preferable,
de Biees APHRYUrdT urelT 4Ty & Meterable: Sewandary 2
erjals used include: Horner-Emmons reagents;
Caégﬁ%yi-%h%ﬂ@yl%%%sphdﬁﬁhcet5@@5Q§ﬁﬂﬁ & dhective group
£ dletg%nphogghonoacetate phosphorus vlide. reagents,;
L Hhotphidhi um yl i des such as
Oé; ppxycarbonyl met hyl ene triphenyi phosphorane.
eagents used are inorgani c bases, alkali netal
al koxi;deg-opgani e e ani e t.al bases and the
[i ﬁ ELgI ﬁgr g%%l g bgggg glr ég%ge%er el,OrlCI § ol am

sel LD s calecblpc Toe.goact onrt gy glucs,

Ex@0fposinthe t&er SOhyERES, méheysecondany g@%?ﬁ'aL§opEE$yl
" reagents, etc., and is usuaFIy Oto 108 preferably
but)@ t ol soom y enpeeatbuneyl [ 00671 -bAt yer ﬁ@ﬁ?h?tbeam@ﬁter:—
the reaction, the conpound of interest of the present.
butehctiohclisorotteyel edoénpyl t hp-nieacbeanyi Xbuhetrobenzyl,
according to a standard nmethod. For exanple, according
Pt e R%Ces SPT BRgENP Yt Bt bedeyladeds ~ansmehbyl,
reaction is termnated. The reaction mxture is
P"%\Ebp?%}%%?yﬂ}ﬁeut%wzéaoxmﬁebver ipABEEMBYéorEmEEhY],

vaer el S fAT BT VR py SRS bY ganrE=s6RVERDYSuch as
ac§{8¥y098§§ateagétovautyl propionyloxyethyl,
propionyloxypropyl, butyryloxyethyl, isobutyryloxyethyl,
-pivaloyldxyéthyl, hexanoyloxyethyl, isobutyryloxymethyl,
eﬁhylbuty:yloxymethyl, dimethylbutyryloxymethyl,
: pentanoyloxyethyl, methoxycarbonyloxymethyl,
ethoxycarbonyloxymethyl, propoxycarbonyloxymethyl, terf—
butoxycarbonyloxymethyl, methoxycarbonyloxyethyl,
ethoxycarbonyloxyethyl, isopropoxycarbonyloxyethyl, tert-
butyldimethylsilyl, trimethylsilyl, methoxymethyl,
ethoxymethyl, propoxymethyl, isopropoxymethyl, (2-
methyl‘nlo) ethyl, 3-methyl-2-butenyl, 5-indanyl, and 3-
phthalidyl groups.
[0054]

P? and P° are not partiéuiarly limited as long as they

are generally used as protective groups for amino groups.



t hen added, and the organic |ayer containing the

conpound of interest is separated, then washed wth

water or the like, and then dried over anhydrous

magnesi um sul fate, anhydrousg sodi um sul fate,

anhydr ous sodi um bi carbonate, or the like. Then, the

solvent is distilled off to obtain the conpound of

i nterest. The obtai ned conpound of interest is
Exaggdscatd@rand iplivkhced By EpprRipth vt @ Joe®rbi ni ng

andard nethods. accor co need, for exanpl e,

.St ing -
me oA TR ds Fﬁ@ﬂ%ﬁﬂ%ﬁgﬁﬁ&ﬁ'iQP?W%Q?%%Eﬁ%@?%ﬁ#an%‘
i_fi,cati f [ ds, h 30
L T R SO AR e AR AT o0} F S 0P P b by

a ' it h-an, ' : u use of. .. e _
S bR T e SupLequan Yyl Erityl,
andPiREedUrLs, Jhgcompound of interest of each reaction
IS usual I'y collected fromthe reaction mxture after
[oosmpl etion of the reaction in each step in the same
way as in the aftertreatnent of the step A-". [0058]
[ SogpthAe2laTheust epnAi2 iios A RIrep e dgyRAUE ith drocesses
conmpound (3) from the conpound (2). Solvents used are
of tire samp s d hegodgerttred steptie | gen&therisohwent 810/ the
nitrile solvents are preferable, and- tetrahydrofuran
reagit iggettdmia rinl edch rdree phef eeabl @cpSedondary the types of
materials used include nitronethane. Reagents used
STHGIAMASTIRO UK L THoRE Y M bRr 58 &pr ACatalyerganfeagents,
1bases or organic netal bases are preferable, and
sol¥slabi & qurtfscend! o e raRl 33F AFmdRiaht Kal i de $8 hours,
e. preferabl e. The reaction tenperature differs
predr%g“ﬁeaﬁ)d%yng‘ or the ey %1“ tHE ST AFEonpodiid, t he

v . . - eria e.reagent s
.corgzg_ct.l,%Hasﬁ fle!;edue}%rfsea%yt%bf%oglrégtaiy for gacn Step.

[0056]
[Step A-1]
The step A-1 is a step of producing a compound (2)
through alkenylation reaction from a compound (1} .
Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissolve the starting material to some extenz. The solvents
include aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile solvents, amide
solvents, and sulfoxide solvents. Ether solvents are
.preferablie, and tetrahydrofuran is more preferable.
Secondary materials used include: Horner-Emmons
reagents; alky. dialkylphosphonoacetates such as ethy_

diethylphosphonoacetate; phesphorus yvlide reagents; and



preferably O to 60 [0059] [Step A-3] The step A-3is
a step of reducing the conpound (3) to produce a
compound (3). Solvents used are not particularly
limted as long as they aresolvents that do not
inhibit the reaction and can"31 dissolve the starting
material to sone extent. The solvents include al cohol
sol vents, ester solvents, ether solvents, and aqueous
phasgihesHtE vl bl Ssoh vesnt %t—aﬁﬁyaquéouslm@rhgﬂmsﬂar e
preferable and et hanol or water is nore preferable.
RRQERRPF 31 ude radi um car bon, pall adi um
hydr oxi de- car bon, nickel chloride, tin chloride,
so&°&ﬁ1°n Sr SYFET i130E %&ww&%@w abkatl megal
en. lron, powder or -tin,is referable The

0
al%%%b nqqﬁﬁﬁ%%t ?%eﬂrf?ﬁgépﬂﬁp@ndﬁhg 6ﬁ°§heaﬂﬁpé§° like.

e. stard £o d,.the solvents e re
T A E T o B ¥l 00t p PR APEb Iy 966 oFo LB0keTe
prgfgungQ[Siep D-1li The step D1 is a step of producing
a conpound (4) from the conpound (2). Solvents used

|n@hud%ebﬁ%f%ﬂ“%éﬁbngEE%érﬁfff%§§e@eﬁé din Hhoﬁe types .

sol vents, and aqueous sol vents. Am de sol vents

ofrﬂhﬁ(ﬁﬁﬂﬂﬁinéﬂﬁbﬁkbhﬂtﬂ9t5¥|E@ﬂﬂ@ﬁt§¢ kﬁeﬂ@%%ondary
pref erabl e. Reagents used include: cyanating agents;

ma ol d0ed alt heyaoh gent eagent s, sueh as akuriLnYymMocyanidesc,
Cyanating agents are preferable and sodi um cyani de

p reoffe yordt Igs 1 Omtey arvahe tsmpamateaps ef erabl e, The reacti on
tenperature differs depending on the types of the
[0G¥%Grting conpound, the solvents, the reagents, etc.

After completion of the reaction, the compound of
interest of the present reaction is collected from the
reaction mixture according to a standard method. For example,
according to need, excess reagents are degraded, and the
reaction.iS'terminatedﬂ The reaction mixture is
appropriately neutralized. Moreover, insoluble mat:ter, if
any, is removed by filtration. To the residue, water and a
water-immiscible organic solvent such as ethyl acetate are
ﬁhen added, and the organic layer containing the compound of
interest is separated, then washed with water or the like,
and then dried over anhydrous magnesium sulfate, anhydrous
sodium sulfate, anhydrous sodium bicarbonate, or the like.
Then, the solvent is distilled off to obtain the compound of
interest. The obtained compound of interest is separated and
purified by appropriately combining standard methods
according to néed, for example, usual methods routinely used

ir the separation and purification of organic compounds, such



and is usually 0 to 100C, preferably 60 to 80C. [0061]
[Step D-2] - 32 The step D-2 is a step of reducing
the compound (4) to produce the conpound (5).
Sol vents used include the sgﬁe as those in the step
D-1. Al cohol solvents or ettrer solvents are
prefeerable, and nethanol or tetrahydrofuran is nore
preferable. Catalysts used include transition netal
as catainstalliNithed aid oréptecoipcobalbnchfolldeedsby elution
preferable. . Reagents used include boron reagents.
witSodiruraprhmohyars del usnprief enabl ef Theomehotienhy.
tenperature differs depending on the types of the
st ¥PErRYeEonpauridie (SHDSSEIuURSTHE Dre¢rdesgal ysits, caeound of
reagents, etc., and is usually 0 to 100C, preferably
intgEsss q@&ﬁwfemp%%a¥m'é 1§ 0p82f 1 1y SEepLACARIATEPBPLDE
pr.ot ecting the an1no roup of the_conpound (5) (step
LA CTHEY 0Pt Driat TS5~ bePRet § bt ABACE otﬁﬁeﬁaﬁ@taoemﬁoaﬁaf
-6 ve used |ncludehthe sane_as_those in _ -
S““ét) Q! Q%%%%ho?v ?ventsh%raadﬁéBES §8F9én9s gFS step A--.
[O%? ferable, and ethanol or water is nore preferable.
edgents used include di-tert-butyl dicarbonate,
(s orofprmate, acid halide, acid anhydride, sulfonyl
chloride, inorganic bases, alkali netal alkoxides,
or gari Gtases,2 and a WgANidr Bt Shubasess Qmbp&ktd bui\)/' from
di carbonate, inorganic bases, or organic bases are
thepreefmsalle@, (and di-test-butyl dicarbonate, sodium
hydr oxi de, or triethylamne is nore preferable.
Solvents used are the same as those in the step A-1.

Ether solvents or nitrile solvents are preferable, and
tetrahydrofuran or acetonitrile is more preferable.

Secondary materials used include nitromethane.

Reagents used include the same as those in the step A-1.
Organic bases or organic metal bases are preferable, and
diazabicycloundecene or tetraalkyl ammonium halide is more
preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the secondary
materials, the reagents, etc., and is usually 0 to 100°C,
preferably 0 to 60°C.

[0059]
[Step A-3]

The step A-3 is a step of reducing thé compound (3) to
produce z compound (5).

Solvents used are not particularly limited as long as

they are solvents that do not inhibit the reactior and can



- 33 The reaction tenperature differs dependi ng on
the types .of the starting conpound, the solvents,
the reagents, etc., and is usually 0 to 10.0C,
preferably 0C to roon1tengeggﬁqye. [0063]. [Step A-5]
The . step A-5 is a step of producing a conmpound (7)
from the conpound (5) or (6) through deprotection of
~the protective group. Solvents used include the sane
disgoltpsdhe nsthe-shepndtSriaEt her sspkvertsnor eBii€rsolvents
- solvents are preferable, and dioxane or ethyl acetate
1nG G/ ral ¢rke bradl eenReagest er usedivanesi netjani scavedss, and
i norgani ¢ bases, or organic acids. Hydrochloric acid,
AQURRIHT cSAETR T or  AYGFNUorivretanies axidl 4%i9mre solvents are

eferable. The reaction tenperature differs dependin

prdf SRRy s S TRG! SO te hat coRpBaRE. PERESSObNENT S
t he, secondar terials, the reagents, etc., and is

' us%aﬁa\%/“nﬁst ol‘ysle(é(ﬂ)%‘,n“lptfée? e?aa‘%*‘ﬁnﬁtﬁg"?%orf’od?ﬁ]t]e?ﬁbjeﬁl%t ure.

hy&fg¥¥ﬁefi§%ﬁ f*ﬁlcﬁ@f éﬂgggﬁﬁg '%igoéﬁfgrgEEV)spgium

protecting the am no grou t hé conpoun
poRSIOIELIS, CORPOUISAB); Sehyenlacusedsl peLiudschne SaIg
as those in the step A-3. Al cohol solvents or aqueous
powsdd v edit st af ei preferabhpvieand ethanol or water is nore
preferable. Reagents used include the sane as those in
t h@rst epaedion Denmstatike yd: £ €08 honed @il hHOsYAPhE types
bases, or organic bases 34 are preferable, and i
of dihg estabuiyy dommebodatehessdivuanthydtbxi deagents, etc.,
triethylamne is nore preferable. The reaction
and ehperatat by do f fer $0 d%pendiame mablhesd ypes30°C.

[0060]
[Step D-11

The step D-1 is a step of producing a compound (4) from
the compcund (2]

Solvents used include the same as these in the step A-1,

_alcohol solvents, and aqueous solvents. Amide solvents are

preferable, and N,N-dimethylformamide is more preferabl

0]

Reagents used include: cyanating agents; and metal
.cyanide reagents such.as aluminum cyanide. Cyanating agents
are preferable, and sodium cyanide or potassium cyanide is
more preferable.

The reaction temperature differs depending on the types
oI the starting compound, the solvents, the reagents, etc.,
and is usually 0 to 100°C, preferably 60 to 80°C.

[0061)]

[Step D-2]



of the starting conpound, the solvents, the reagents,
etc., and is usually 0 to 100C, preferably OC to room
tenperature. [0065] [Step A-7] The step A-7 is a step
of al kylating the conmpound (8) to produce a conpound
(9). Solvents used include the sane as those in. the
step A-1. Ether solvents are preferable. Secondary
mat eri al s used i nclude al kyl halide. Reagents used
i ndihsdes teipe Is@nme o tshoge ah tdminsinep %ed. coboohingn (4) to
dride is preferable. The reaction tenperature
pr‘b‘%/ F¢erishelepererwrd oSt he types of the starting
ound, the solvents, the secondary materials, the
%De]rﬁe@“setuéed M%\td%s%ﬁ@amezs@ t'ehoPomn the step D-1.

t f 0C t t t
21¢84 %%?OP{%%%%%%% e§omgnigzg‘rﬁ?s%%‘éﬁéi@epapss
t R rf t
me R O O LY Ria BELL A TP g lrE BEERate léscinéoﬁﬁd
(1Q)ac q)svr%nﬁ%atas%qff{?dm@rgml SARR B - 111058 1N Lhe

step A- er solvents or am ents are

Nl@m]ei e&@péleldée&on@@meﬁéﬁubakaﬁU§§d ECQELE?E.L@' kyl

de. Reagents used Include t ose in the

st e Aychts Seddimcanhenaerof ROIasst M eypapate is
preferable. 35 The reaction tenperature differs

bodepeddideg Dy vhef¢ypese.of the starting conpound, the
sol vents, the secondary naterials, the reagents,
et cLhe armhdsiarsuanpe raf8C ¢ od 1 O0er s tdepend@t g eon the types
preferably OC to roomtenperature. [0067] [Step P_-91
the starfing compound, the solvents, the catalysts, the

reagents, etc., and is usually 0 to 100°C, preferably 0°C to
room temperature.

[0062]

[Step A-4)]

& step of protecting the amino group of the compound (5)
(step A-4) may optionaily be performed to prepare a compound
(6).

Solvents used include the same as those in the step A-3.
Alcohol solvents or aqueous solvents are preferable, and
ethanol or water is more preferable.

Reagents used include di-tert-butyl dicarbonate,
chloroformate, acid halide, acid anhydride, suilfonyl chloride,
inorganic bases, alkali metal alkoxides, organic bases, and
organic metal bases. Di-tert-butyl dicarbonate,.inorganic
bases, or organic'bases.are preferable, and di-tert-butyl
dicarbonate,.sodium hydroxide, or t:iethylamine is more

preferable.



The step A-9 is a step of producing the conmpound
represented by the general forrmula (1) fromthe
compound (9) through deprotection of the protective
group. Solvents used include.the sane as those in the
step A-3. Ether solvents or-ester solvents are
preferabl e, and di oxane or ethyl acetate is nore
preferabl e. Reagents used include the sane as those in
t h&hst ggantion Rpdrechitoriec didifthr acépendcng, omrthe types
trifluoroacetic acid is preferable. The reaction

of &V R e A FIepeuRepertt ngobvenhe, t Yhesreafiehhe, etc.,
starting conpound, the solvents, the secondary

andygtery el Ly he F@aé@ﬁfsr wrefe randy|@°©sualkyoﬂ temperature.
d%% C, preferably OC to roomtenperature. [0068] The

ound (1) obtained by the production processes can

(s _qjs% produced by, for exanple, a process B, C, or E

stiown "bel ow. The process B consists of steps B- I B 2,

B @he anpd BA¢ F e Pr s L sts of sieps -
B- and B4 > %béb] rghesggs ?? Ry from

thec%p %ER 8t‘{rcﬁ.13b &g&o‘é QE R%fREEe
(11) (12) R4 C— R8™ |
p:otec:lve group.

Solvents used include the same as those in the step A-3.
Ether solvents or ester solvents are preferable, and dioxane
or ethyl acetate is more preferable.

Reagents used are inorganic acids, inorganic bases, or
organic acids. Hydrochloric acid, acetic acid, or
trifluoroacetic acid is more preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the secondary
materials, the reagents, etc., and is usually 0 to 100°C,
preferably 0°C to room temperature.

[0064]
[Step A-06]

The step A-6 is a step of protecting the amino group of
the compound (7) to produce a compound (8).

Solvents used include the same as those in the step A-3.

Alcohol solvents or agueous solvents are preferable, and

ethanol or water Is more preferabie.

Reagents used include the same as those in the step A-4.

Di-tert-butyl dicarbonate, inorganic bases, or organic bases



RO (150 RL RB RS RLR3 4R RgI RB-3 R8 R COCP,
COON RRZE Rz HRg R Rz OH (13) (14) R4 RS O B-4
R3 Rz, RB RR R R8 (1) [0070] i 22" 34567828
1 wherein R, R, R, R, R,R, R, RR, Rand are
as defined above. [0071] [3§tep_ B-i] The step B-1 is
a step of producing a conpound (12) from a conpound
(11) through substitution reaction. Solvents used

arg myafir alhiee sand ol ttose-dutyhedstepbAnkie, Eshatum
solvents are preferable. 37 Secondary materials used

RYqnefistfe £7 Vi el wemire ck ot ppraapraéerablyl broni de

or . crotyl chloride is preferable. Reagents used

i na“ﬁdéy SEire ame PRI S i e 5% epependingoet e types

-hydride aor. butyllithiumis preferable. The reaction
ot {pebrrepesr“aai%%n%i%@%u perdt nﬁolﬁeflﬁéltybésreégeﬂﬁér etc.,

an&nfgtd£§%ff§p8ugg’1BB%:§9é¥gEg§ébageOggcggd?ggm.temperature.
[0065]
[Step A-7]

The step A-7 is a step of alkylating the compound (8) to
produce a compound (9).

Solvents used include the same . as those in. the step A-1.
Ether solvents are preferable.

Secondary materials uéed include alkyl halide.

Reagents used include the same as those in the step A-1.
Sodium hydride is preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the secondary
- materials, the reagents, etc., and is usually -78°C to room
temperature, preferably C°C to room temperature.

[0066] |
[Step A-8]

After the step A—7; the step A-8 may optionally be
erformed. The step A-8 is a step of alkylating the compound
(9) to produce a compound (10).

Solvents used include the same as those in the Step A-1.
Ether solvents or amide solvents are preferable.

Secondary materials used include alkyl halide.

Reagents used include the same as those in *he step A-1.

Sodium carbonate or potassium carbonate is preferable.



materials, the reagents, etc., and is usually -78C to
room tenperature, preferably OC to roomtenperature.
[0072] [Step B-2] The step B-2 is a step of producing
a conpound (13) from the cojypound (12) through
reduction reaction. Solvents used include the sane as
those in the step A-1, alcohol solvents, and aqueous
sol vents. Ether solvents, alcohol solvents, or mxed
solVentie 3T e ft SIRe T @i &8 abi eferandeprending on the types
t et rahydr of uran-nmethanol is nore preferable. Reagents '
of $%%Jf"tr’dég bR R det PRa§EAVEN T Sodi i SEEPBRRANI de
is preferable. The reaction tenperature differs
matfEentf ngtoh IRRIEYbes SBE -t handt 4Ft PEYaeéapoURAC Eperoom
solvents, the [eagﬁftsoostc., and_is usually Cto _
© ST U pF of & BBt 5T EC ¥ 0000 tENTRr SRR 2F A TEBB73] [ St ep
[05%4% The step CG1 is a step of producing the conmpound
(13 froma conpound (15) through coupling reaction.
[st@bvenys used include the same as those in the step
A-1 and boric acid derivatives. Ether solvents or
borirce apidh 38-9 dey ivadiamesoar erpaet en@btee abfoound
tetrahydrofuran, dinethyl ether, or trinethyl borate
rep sesonecriey etabl gendSeasondaryunat eri akgousetel ROMdEnd (9)
al kyl a-hal ogenoaceta L-e. Al kyl bronoacetate is
thpreflerdspeotantdioet bfl theopvatetates gebhlyl.
bronpacetate, or tert-butyl bronpacetate is nore
pr eferediite Regemsludedithactame 2$nthoFheineabei ehep A-3.
tenmperature differs depending on the types of the
EtRRar ePhGCCoRPOLNEStBRe S84V PBRES ATENBrEeEsAddey and dioxane

nalerials .the reagents, etc., qnd is usually 0 to
T 19y acétate 1s more preferable.

Reagents used include the same as those in the step A-4.
Hydrochloric acid, acetic acid, or trifluoroacetic acid is
preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the secondary
materials, the reagents, etc., and is usually 0 to 100°C,
preferably 0°C to room temperature.

[0068]

 The compound (1) obtained by the production processés
can alsc be produced by, for example, & process B, C, or E
shown below. The process B consists of steps B-1, B-2, B-3,
and B-4. The process C consists of steps C-i, B-3, and B-4.
[0069]

[Processes B and C]



preferably 60 to 80C. [0.074] [Step B-3] The step B-3
is a step of hydrolyzing the conpound (13) to produce
a compound (14). Solvents used are not particularly
limted as long as they. arggsol vents that do not
inhibit the reaction and can dissolve the starting
material to sonme extent. The solvents i nclude
aromati c sol vents, ether solvents, hal ogenated
hydr ocRt bon sol vent's, nitrile sol yents, amde
sol vents, sul foxide solven-s, aRcohoR solfents, and

R340q s nts. Btlcohol §olve s solvents, B-2
or nmi xed sol vents—ttereof arerpre adop!
met Hanol -water is nore prefergdl @2 Regy used
i ncl ude i norgani c bases. Potassium hydﬁbxide, sodi um
hydréki de, or Iithium hydroxide is (IPreferable. 39
. The reaction tenperature differs depending on the
types of the starting cgonpound, the solvents, the
reagents, etc., a i sRisually 0 to 100C, pre y
0C to room t gmper Thecstt ep
B-4 is a step o e conp t hr ough
al kal i treatment_to gor e the conpound (1).
Sol vents used ar® not parﬁ?cularly limted as | ong as
they are solvents thajsydo not inhibit the reaction and
can dissolve the starting naterial to sone extent.
The solvents include aromatic solvents, ether
sol vents, hal ogenated hydrocarbon solvents, nitrile
sol Rént R3 agﬁd%, and acid ~anhydri deR! Acré8s orsacid

Rganh dri desRarle preferabge; and gecetiic aci|d Rfr |aceti c
Vg iden F%dgmferable. Réage i AC Ol

tal salts. Potassium P .

R¥R? R?

Ad (14)

'OH OH
(13) - (14)
R4 R5
0
B-4
R3 /
R? R,
2 R! R’
R
(D)
[0070]

. 1 ' 5 7 ) 1
wherein R*, R?, R?, R®, R*, R®, R® R’, R®), R®, and P’ are as

The step B-1 is a step of producing a compound (12) from
a compound (I11) through substitution reaction.
Solvernts used include the same as these in the step A-1.

Ether solvents are preferable.



acetate is preferable. The reaction tenperature
differs depending on the types of the starting .
conmpound, the solvents, the reagents, etc., and is
-usually 0 to 150C, preferably roomtenperature to
140C. [0076] [Process E] 4 Rl R RBE-l RLRBR5 s
RCOONR3 COCl z R8; RR RAs, RR R 4 (16) (17)
R4 RS E-2/ 4R8 R3 Rz R RL Ry, (1) wherein RI1,
R2,Seondayy mEteRalRpisaRy, imsludada REvareahsde and crotyl
defined above. [0077] [Step E-1] The step E-1 is a

hakidp- O#Xbﬂ@dﬁbﬁm&Q?(ﬁﬂnﬁﬁﬂﬁy¥1931@¥hm$ 3 conpbenaole.

(1 s Sol vents used jnclude the sane as those in the
>R At Hy o %Jléf ol YENE 525 AFBABEI ENselveRfsp A-1.
seligumated] §¥S{a§?§% fgéqzﬁgzéaeﬁ@r@é jocar bor
tL%%%iﬁﬁkﬁ« Torid Jﬁ%ﬁ%%y g??ﬁe i3 %?%$£$§L%g§tgggtypes
ofr@ﬁeté@ﬂrﬁfﬂﬁeﬁéﬁﬁé§nglféﬁeSSQQQQHQ'99L8g Eg%ohﬁg%i
materials, the reagents, etc., and is usually -78°C to room
temperature, preferably 0°C to room temperature.
[0072]
[Step B-2]

The step B-2 is a step of producing a compound (13) from
the compound (12) through reduction reaction.

Solvents used include the same as those in the step A-1,
alcohol solvents, and agueous solvents. Ether solvents,
alcchol solvents, or mixed solvents thereof are preferable,
and tetrahydrofuran-methanol is more preferable.

Reagents used include borohydride reagents. Sodium
boronydride is preferable.

The reaction temperature differs depending on the types

of the starting compound, the solvents, the reagents, etc.,

and is usually C to 100°C, preferably C°C to room temperature.
[0073]
[Step C-1]

The step C-1 is a step of producing the compound (13)
from a compound (15) through coupling reac=ion.
Soivents used include the same as =hose in the step 2A-1

and boric acid derivatives. Ether solvents or boric acid



of the starting conpound, the solvents, the reagents,
etc., and is usually 0 to 150C, preferably room
tenperature to 120C. [0078 41 - [Step-2] The step E-2
is a step of producing the ¢ ound (1) .fromthe
conmpound (17). Solvents used Include the sane as those
in the step E-1. Aromatic solvents, hal ogenated
hydrocarbon sol vents, or hydrocarbon sol vents are
deﬁﬁ%ﬁf&%ﬁﬂe?r%nRF?Qﬁﬁﬁﬁ%ﬁasaﬁﬁreetEﬁéY@rQBUéanRedg@ﬁthyl
used |nclude argani c bases. Triethylamne is
e“qn%ﬁé?%bf RE3 R tenPerat BFelarabees dependi ng
the types . of the starting conpound, the solvents,
t RESPRSGeNt Tat&rdals aveq siustiafpyabkyd asbelogenocacetate.

€f; o) te ur o 12QC. 9
Al‘{g}{)npﬁc%p aycepr&gglenjtsl"rgp é"% 'selb%ehe?%)tfJ ?‘UIL’P@’Z LEPT“)OaEé?ﬁate'
h 71 ® e

e By ﬁ%lsg‘%ﬁr “FEirsheRcerBosor * e
r ARG, represent ed by the general formula (la) or
(I'b) is an optical isoner of the conpound represented
by Rehgyergenersald fielonidde (d)na@nd is produced by the
process A plus, for exanple, a process F, G or H
sh@we belaowidr0@&ibdPRrones sdi £ ddwes pﬂ@@ﬁ%z.fgl@nathe types
process of performng, after the step A-2 in the

oI ﬁﬂﬁte%@a¥tlmﬁn¢qmﬁowm@olUmeoaoﬁmeptsduthnopébcabary

i soners. (3a) and (3b) of the conpound (3) . Fromthe
matgptigls, the reagents, etc., and is usually 0 to 100°C,

preferably 60 to 80°C.
7[0074]
[Step B-3]

The step B-3 is a step of hydrolyzing the compound (13)
to produce a compound (14).

Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can _
dissolve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, halogenated
hydrocarbon solvents, nitrile solvents, amide solvents,
sulfoxide solvents, alcohol solvents, and aqgueous solvents.
Alcohol sclvents, agueous solvents, or mixed solvents thereof
are preferaple, and methanol-water is mo:e.preferable.

Reagents used include inorganic bases. Potassium
hydroxide, sodium hydroxide, or lithium hydroxide is

prefezrable.



i sonmer (3a) or (3b), the conpound represented by the
general 42 formula (la) or (Ib) is produced through

the steps A-3 to A-5 or the steps A-3 to A-9. [0082]
[Process F] RA Rs NO R3 0Q0p, R2, CGC8 R4 2 R1 Rg'
RNO 3 (3a) R3I R or RZ Rg. RB R4 Rs (3) .-NX»

R3 COOP, R R R Rg, RS (3b) wherein R R R2" R3

R4A R RER R3B8R8 1, and P are as defined above.

[ 0088] reSoltvient s ensed dtodeudil i Safep@sd i h@Sén | thd heypes
step A-l, hydrocarbon solvents, alcohol solvents, an
rihee ds tsuitviantt ssafipotydr oclas benl sehvent shandeabeahsl cstc.,
sol vents. Hexane- isopropanol or hexane-ethanol is.
andprief exsibliely ThetcollUAPC usedefarsébeyopfCcab resnl vkinpBrature.

i S not
[0073]

=

oxr

[Step B-4]

The step B-4 is a step of cyclizing the compound (14)
through alkali treatment to produce the compound (1).

Solvents used are not particularly limited as long as
they are sclvents that do not inhibit the reaction and can
dissclve the starting material toc some extent. The solvents
inciude aromatic solvents, ether solvents, halogenated
hydrocarbon solvents, nitrile solvents, acids, and acid
anhydrides. Acids or acid anhydrides are preferable, and
acetic acid or acetic anhydride is more preferable.

Reagents used include alkali metal salts. Potzassium
acetate is preferable.

The reaction temperature differs depending on the types
of the starting compound, the solvents, the reagents, etc.
and is usually C to 150°C, preferably room temperature to
140°C.

[0076]

[Process E]



particularly limted as long as is is a chiral colum
that permts optical resolution. The colum is
preferably CHI RALPAK (registered trademark) AD-H or
CHI RALPAK 43 (registered tr@demar k) 1C manufactured
by Dai cel Chem cal | ndustr it Ltd. The tenperature
used is usually 0 to 40C, preferably 20 to 40C After
conpl etion of the reaction, the eluent (solvent) is
distjilled off .to obtain the conmpound of interest of
Keaction. [0084:] The comp®ind R® R’

t he gener al fornulaégga) or [
recid nc the conpoun
sRRutRbn s shown bel ow and t hen penf 1 gp
g?eps as Rhose in the process A [OOB%]oﬁ The ﬂ%ocess
Gis §gprocess of perform ng, before the @g§p A-1l in
the process A, optical resolution to produ optica
isoners (la) and (Ib) of the conpound (1) Fromthe
optical isomer (la) or (Ib), the conpound represented
by the general formula (la) or (lp) is produced
through the steps A- 1 to A-5 or ftheRteps, A-1 to A-9.

[0086] [PEogess G 44 R4 RS R4 R3 0GL R3
Rs 2 RI_Ra' OH RaiGd1) [1§) R4 R5 4 R4
R5 110P , OH RS
RZ' | RS‘
r2 R

(D

wherein Rl, Rz, RT, R7, R4, R, R6, R, RS, and R® are as
defined above.
[0077]
[Step E-1]

The step E-1 is a step of producing a compound (17) from
a compound (16).

Solvents used include the same as those in the step A-1

and hydrocarbon solvents. Aromatic solvents, halogenated

hydrocarbonr solvents, or hydrocarbon sclvents are preferable,

and toluene is more preferable.

Reagents used include oxalyl chloride and thionyl
chloride. Oxalyl chloride is preferable.

The reaction temperature differs depending on the types

=

of the starting compound, the solvents, the reagents, etc

and is usually 0 to 150°C, preferably room temperature to
120°C.
(00781



RB3R322RR R-R3,Ra RRZ RL RaRa (19a) (20a) G3
G4or or RAR 4 R4 R OPOH RBRR R2 aR s R2
RLRB RR R RaR. (19b) (20b) R4 RS OR3 ;,2 Rl
RaRa (1 a) or R4 Rs O 834 12 Ra'R8 (1 b) whe
rein R, R, R" R3, R4, Rs,”R R7, R8, and R8' are as
de ined - 45 above; and P4 represents a protective
group for a hydroxyl group. [0087] P4 is not

(SteptEclarly linmted as long as it is generally used
as a protective group for hydroxyl groups. Exanples
t héfeofsiar|frfe 45 iaettRp 3§ yprogeeing the compound (1)
but yl di net hyl si |yl . nethoxynethyl,

TG R hOSEPHGRG Mot P

Solvents used include the same as those in the step E-1.
Aromatic solvents, halogenated hydrocarbon solvents, or
hydrocarbon solvents are preferable, and toluene is more
preferable.

Reagents used include organic bases. Triethylamine is
preferable.

The reaction temperature differs depending orn “he types
of the starting compound, the solvents, the reagents, etc.,
and is usually 0 to 150°C, preferably room temperature to
120°C.

[0079]

The compound represented by the general formula (II) can
be produced in the same way as in the compound represented by
the general formulia (I).

[0080]

The compound represented by the general formula (Ia) or
(Ib) is an optical isomer of the compound represented by the
general formula (I) and is produced by the process A plus,
for example, a process I, G, or H shown below.
(00811
[Process F!

The process ¥ is a process of performing, after the step
A-2 in the process A, optical resolution to produce optical

isomers. (3a) and (3b) of the compound (3). From the optical

isomer (3a) or (3b), the compound represented by the general



tetrahydropyranyl, benzyl, p-nethoxybenzyl, 2,4-
di met hoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, trityl,
fornmyl, acetyl, tert-butoxycarbonyl,
2-i odoet hoxycar bonyl, 2,2, 2- .trichl oroethoxycarbonyl,
2- propenyl oxycar bonyl , 2. chlgro-Z-
propenyl oxycar bonyl ,
3- met hoxycar bonyl - 2- pr openyl oxycar bonyl ,
fopmyiea hylaR-pr opBny| oxymavdoryd , tRxbugenyhexycapbonyB, to A-5
- ci nnanyl oxycar bonyl, benzyl oxycarbonyl, p-
Orn%@%o&y%@%z@T%x@@aﬁb%nyl 0- nltrobenzyloxycarbonyl,
and. p- nltrobenzyloxycarbonyl groups. [0088] [Step
OQ?%} The step G1 is a step of reducing the conpound
[P ;% roduce a conpound (18). Solvents used are not
T ???cu arly limted as long as they are solvents
that do not inhibit the reaction and can dissolve the
starting material to sone extent. The solvents
i nclude aromatic sol vents, ether solyents, ester
sol vents, hal ogenat ed hydrocarbon | VRt s, nHﬁé_le
sol vents, amide solvents, su |foxidesdlv hd
hydr ocar bon solvents. Aromatic | vEnt §, palogenatgd
hydrocarbon solvents, or - 46 hydrocarhonisom VP8
are preferable, and tetrahydrofuréﬁ /s ‘pof
r #egable. Reagent s used i ncl ude bqﬁoner%geﬁts and

al ygi fum fed¥ents. Trinethoxy al unmi num hydride is

R3 r&f effabiff\e. The reaction tenperature di {#%r s dependi ng
oM the typ (XDDP{he—srarfrﬁg conmpound, the solvents,
Rt reage s etc. and is usually -78Cot 0 room
t efpeRAtRE e; preferably -78 to 0OC . [0089] [Step

G 2] The step G2 is a process of peg#orq1ng optica
(3)

(3b)
wherein R', R%, R?', R%, RY, R>, R%, R’, RS, R®', and P! are as
defined above.
[0083]

Solvents used include the same as those in the step A-1,
hydrocarbon solvents, alcohol solvents, and mixed solvents of
hydrocarbon solvents and alcohol solvents. Hexane-
isopropanol or hexane-ethanol is preferable.

The column used in the optical resolution is not
particularly limited as long as it is a chiral column thatz
permits optical resolution. The column is preferably

CHIRALPAK (registered trademark) AD-E or CHIRALPAK



resolution of the conpound (1) using an enzyne such as

|ipase to obtain a conpound (19a) or (19b). Solvents

used are not particularly Iimted as long as they are

sol vents that do not inhibit?the reacti on and can

di ssol ve the starting mat éri‘al to some extent. The

solvents include aromatic solvents, ether solvents,

ester solvents, hal ogenated hydrocarbon sol vents,
(reyistéted sotadass k anidemasof yebtisedsulf o%iidel cChemical

sol vents, and hydrocarbon solvents. Aromatic
Indodvents, Italogenated hydrocarbon sol vents, or

hydr ocar bon sol vents are preferable, and hexane is

norlhe pregiperaliee Resgents wsed incd ude €8t®r preferably 20

reagents. Vinyl esters are ~ prefeerable, and vinyl
toat@tGate is nore preferable. The enzyme used incl udes

Candi.da antar.c-ica |ipase, Pseudononas fl uorescens

|| pHSEE POSRIGTORTs Coddtd 93 Paser bafcPhEent (solvent)
. _pancreatic lipase, porcine |iver esterase, and = _
L5 QNG Hh $Tgoeh T4 e 47 AT HEoTRARP oA Lt SAREFacir 87 the
pré@é$§r§e e ﬁggjng on the types of the sta=ting

conpound, e solvents, the reagents, the enzyne,
(064€;, and is usually 0 to 150C, preferably room

tenperature to 40C. [0090] Moreover, in the step G2,

therreommaphr{d el M 81 B8y ©OOVEELEHn1 USLPYUBR (1a) or

appropriate chiral auxiliary,” to diastereoners, mhlc%
(18 eis hefosubiech edshio;£es0hyt tRA BYm@BundPRNOPkaAberical

nmet hod such as recrystallization, distillation, and
resol whhot ha ®nwrogn apayow Tapdr esehupkeat ocan nige ther samaedteps

by a nethod described in, for exanple, Experinental
as Chlepdst 1y tH8 pReaetsoA. of Organi ¢ Conpound -(1i)-,

first volume (Nov. 25, 1957, published by Maruzen Cc.
[0P%d&], ed. by the Chenical

The process G is a process of performing, before the
step A-l in the process A, optical resolution to produce
optical isomers (la) and (1lb) of the compound (1). From the
optical isomer (ia) or (1lb), the compound represented by the
genera’l formula (Ia) or (Ib) is produced through the steps A-
1l to A-5 or the steps A-1 tc A-9.

[0086]

[Process G;

¢



Soci ety of japan),
conpound (18)
reagent such

resulting m xture of carbox

p. 503-556. More specifically,
is reacted with a carboxylic acid
as phthalic anhydri de,

t he

and fromthe
lic acid derivatives

(19a) and (19b), resolution an~ be performed by
recrystallization or the like using phenethylam ne,

qui ni ne, cinchoni di ne, nethyl
naphﬁgyielhylanine, or the Ii

benzyl am ne,
ke. [QQ91]. [Step G 3]

The ste f}s(js a process. of hydrolyziRig t compound
(19a) (1Zb) -0 sypipesize a co a) or G-2
(XK. Bollents usegia¥e not pR##{culfarljy Iimted-as—
| ongZ he re solvents that dg? N 'q t the

react jfjonrandfan dissolve the starging peRerial to
sone ex--en-:. The solven-s inclufe aromatic

sol vent €1) et her sol vents,

am de solvents,
Iveﬁts,5 al cohol sol vents,
Rventgp4 t her eof .
agueous sol vents,
rR>—K ef ar abl e, and met hanol ,
r e er I@
asesR;P@@as§$un1 car bonat e,
ot asSi um hydroxide is
enper at (e) di ffers d
tarting conmpound, t

i Xxed S0
ol ve ,

qg_ndb

ng
ts,
and is Qsually 0 to 60C, prggerably 0C to room

sul f oxi de sol vents,

Et he

Reagents use

prefe

ester sol vetifs, 48
hal ogenat ed hydrocar bon sol vents,

nitrile solvents,
hydr ocar bon
aqueoys sol vents, and

r sol nﬁs, agoho

or m solvent s t her eof
R nol|, or water is
d i mHrdg 1 porganic
sodi uph hrdresd de, or
rabl e.” The reaction

on the #§Pes of the
the reagents, etcGr4

fenmperature.. [0092; [Step G 41 The step G4 is a
or oceSs Rf o&hdizing t he conpound 2@a) q6H(20b) to
synt h Ze e conpound (la) or (lbp~2>_/
R? R®
R% R R% -
=1 peR® =1 »8sR®
R2 R' R \ R2 R' R
" (19b)
(20b)
4
4 R" g5 o
V4
R3
R* g
RZ I‘gl RS.R
(1a)
or
4
R &5 0
T/
R3
R* -
/ RS
g2 R rER
~ (1b) whe
RY, R2, R?', R?, R%, R®, RS, R, R®, and R® are as defined



Sol vents used are not particularly limted as |ong as
they are solvents that do not inhibit the reaction and
can dissolve the starting naterial to sone extent.
The solvents include aromatic solvents, ether
sol vents, ester solvents, - Hal ogenat ed hydrocar bon
solvents, nitrile solvents, amde solvents, sulfoxide
sol vents, and hydrocarbon sol vents. Hal ogenated
abdRedr eGaf oN re@ireantrs Are Jyeferabl e, gAMb for a hydroxyl
di chl oronet hane i s nore preferable. %@aQénts use )
graumcl ude acid chloride. Oxalyi chloride is preferable.
The reaction tenperature differs depending on the
[0OByldes of the starting conpound, the solvents, the
reagents, etc., 49 and is usually -78C to room
t eAperat upe, pprefiepadblny y- 28 ntidcedD@s [18088]as [iRr dcess
The process His a process of perform ng, before
geni@ Ll lst ejF e 125 2 tRECPROEEES Arovpt ifeal hyesokuii gmoups .
rqoduce .the conpound (1la) or as an optica

c | b
Ex4) Y SRRt ¢ erats! t{iTe?h&#§A#Vﬁe &6fpound (I a)
or. (Ib), the coppound. represented by the general
bu“fY&TOfﬁﬂ%vWJaale? 85 Per BB a0Ted gt‘ﬁ%&ﬁ@ﬁyﬁﬁéoﬁ’@ﬁéhylr
oA S he -1 A- 094 Process
“eﬁa%%%‘lor-d%ﬁ%%y{é REhEPE Aliﬂ“%%hoﬁgfbﬁk%ﬁf?]szobﬂ 2 R
diﬂg%ho§§%égz§§%Fﬁiﬁgtggbggzﬁgf p-nitrobenzyl, trityl

acetyl, tert-butoxycarbonyl, 2-iodoethoxycarbonyl, 2,2,2-

, fLormyl,

trichloroethoxycarbonyl, 2-propenyloxycarbonyl, 2-chloro-2-
propenyloxycarbonyl, 3-methoxycarbonyl-2-propenylioxycarbonyl,
2-methyl-2-propenyloxycarbonyl, 2-butenyloxycarbonyi,
cinnamy10xycarbonyl, penzyloxycarbonyl, p-
methoxybenzylioxycarbonyl, o-nitrobenzyloxycarbonyl, and p-
nitrobenzyloxycarbonyl groups.

[(0088]

[Step G-1)

Tne step G-1 is a step of reducing the compound (1) to
produce a compound (18).

Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissolve the starting material to some extent. The solivents
include aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile solvents, amide
sclvents, sulfoxide solvents, and hydrocarbon solvents.

Aromatic solvents, halogenated hydrocarbon solven<s, or



(1) (21) RRA R ONRARSO-1~-RBORBRRi R -

Rg,RB R 2 (2la) H3 (la) or or 4 RRRs On R4'RS

O ORRRR R s RERLRg22O0CiI v8R8(21b) (I b)

[0095; [Step H 11 The step_H;1 is a step of producing

a conmpound (21) from the conpound (1). Solvents used

are not particularly limred as long as they are

solvents that do not inhibit the reaction and can
hy@FggéFp@ntﬁ@l§5§F§iﬁ@DW@ﬁ@@emabﬂ@rs@m@ éxtterhydflifuran is

solven-s |nclude aromatic solvents, ether solvents,
moEstBF°§8F9QﬁFs halogenated hydr ocar bon sol vents,

ile solvents sol vents, sul foxide solvents
d[E %ré%arb%ﬁdsngkH?g PORPBRERESEEFY R 8 luminum

rb I . . 51 dro ar bon
reggkgggp et et bt PR R s gabﬁ
t hanedi o
gkt gl e S g At S S L
oftﬁﬂpeéﬂbﬁﬁﬁn§|EE%@%uQ@Qe%%%n%OQQe%Q%,t¥@§§reagents, etc.,

and is usually -78°C tc room temperature, preferably -78 %o
0°C.

[0089]

[Step G-2]

The step G-2 is a process of performing optical
resolution of the compound (1) using an enzyme such as lipase
to obtain a compound {(18a) or (19b).

Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and car
dissolve the starting material to some extent. The solvents
include aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile solvents, amide
solvents, sulfoxide solvents, and hydrocarbon soivents.
Aromatic solvents, halogenated hydrocarbon solvents, or

hydrocarbon solvents are preferable, and hexane is more

Reagents used include ester reagents. Vinyl esters are
preferable, and vinyl acetate is more preferable.

The enzyme used includes Candida antarctica lipase
Pseudomonas fluorescens lipase, Pseudomonas cepacia lipase,
porcine pancreatic lipase, porcine liver esterase, and

Candida rugosa lipase.



of the starting conpound, the solvents, the reagents,
etc., and is usually -78C to reflux conditions,

" preferably 60C to reflux conditions. [0096] [Step
H 2] The step H2 is a st§p4qf_subjecting t he conpound
(21) to optical resolutionto produce a conpound
(21a) or (21b) Solvents used include the sane as
those in the step A-1, hydrocarbon sol vents, al coho
solTrentrsacdricPnm besb s vt 5ot £ ety dieean ddng sof: veind st ypes
and al cohol sol vents. Hexane- isopropanol or

of Hehkanet 21 hid| CPBPPRf er Bt eSOTHentsl ubheusedgentshethe
opti cal resolution includes the sanme as those in the

SnHYRes:-F » Tedteppesadblie Gsed 180UsuabtyLfOranl O om
referably 20 to 40C. After conpletion of the

LeRRAEF TR the!®i%Uent (solvent) is distilled off to

[0 in the conpound of interest of the present
reaction. [0097] [Step H3] The step H3 is a step of

syndiesi-z.ng sthe g (la)., or feomthe _
coﬁ%oun&;%iléfhdfﬁfszﬁ.q%é% éﬁ‘Véﬁ%@pdggﬁ g%%’n%%n also be
PesEt 4] akd ¥nd | Bt 860 88p ) OGP 8h: LREY S sgl.yent

COthat do not ?hhibitg%hepreactio% %%g ngﬁl ?égéléé t he

dis$esié e MBS eihathnt rS0PReeXi€Pecdbg 6l ¥€BLSurion by an
include aromatic solvents, ether solvents, ester
apsobpendse méiahogesatiedahytsocpsbanl sebveshs, dikthiii8tion,
solvents, am de solvents, sulfoxide solvents,
andyde bemr bolnr sk veptraphket diee s adlernt isor anahn algelepeISE ormed
solvents. Ketone solvents or aqueous solvents are
by pt eret bt ede anbiedt bhe ber waxanris, nBrperpmeherdbleemistr
18, Reaction of Organic Compound -(II)-, first volume (Nov.
25, 1857, published by Maruzen Cc. Ltd., ed. by the Chemical
Society of Japan), p. 503-556. More specifically, the
compound (18) 1is reacted with a carboxylic acid reagent'such
as phthalic anhydride, and from the resulting mixture of
carboxylic acid derivatives (1%a) and (19b), resolution car
be performed by recrystallization or the like using
phenethylamine, quinine, cinchonidine, methylbenzylamine,
naphthylethylamine, or the like.
[0091]
[Step G-3]
The step G-3 is a process of hydrolyzing the compound
(18a) or (19p) o synthesize a compound (20a) or (20b).
Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissolve the starting material to some extenz. The solvents

include aromatic solvents, ether solvents, ester solvents,



Reagents used include acid catal ysts, for exanple,
i norganic or organic acids such as hydrochloric acid,
acetic acid, sulfuric acid, toluenesulfonic acid, and
canphorsul fonic acid. The reagction tenperature differs
depending on the types of ttie starting conpound, the
sol vents, the reagents, etc., and is usually 0 to
100C, preferably 60 to 100C. [0098] The conpound
hatepersentiet vy adeergenesal véot myl ai(dnile (d@vedtH), amide
or (Il1), obtained by the processes, or the
sophaPhicoFdgifealde srepnbs e Balkradrersof sxhidnts,
activity as an a28 ligand and affinity for
algBPPagECd¥FEdenta T W UNFOLTARREl subuRiked260aNMdnts
useful as . an actjive ingredient_in _a pharmaceutica
ChepRPbsi th OFE st T S r eGP BrdiP bY eN pF eVt e pigs paphvents,
di sorders.involving the central neryvqQus syste and
O GFHATS GTCbTHAr S, TObYS] = ExaRbr &S 6P fai APFnEFaGenol,
otRGHLE, PBL o COLONL CubPL Ny, DBLD, pgguSed by soft tissue
or peripheral Tnjury, pp%f eruetic’- 53 neuralgia, -
ocqiidatc Nl Ol ddd Ol ARl NevpaLala, JIel ofpre
or intercostal neuralgia, central parn, neuropafh!c
caPBbflatd] 058iNem RPLPoRSECT 8Ledowhil 1ast GOALLRL LI § sOr
articular rheumati sm pain associated wth contusion,
prspeaalple. or trauma, spondyl al gia, pain caused by
spinal cord or brain steminjury, pain in the |ower
backye seiatti cometrmbayia urd ot hdehe, depohasts abnpehd types
syndrone, episiotony pain, gouty pain, pain caused by
°ofpuif, stardinae paipoundscuhar spavantsocuhar rpagents, etc.,
i nfl ammatory pain, orofacial pain, abdom nal pain,
an@ai f BSsdEl vt edtai 6A° Gy amteraiehy DUbdro paiar, tEmperature.
0@5 onetriosis, somatal gia, pain associated with nerve
[ re‘radicular injury, pain associated wth anmputation,
(sth§ -4
The step G-4 is a process of oxidizing the compound
(20a) or (20b) tec synthesize the compound (la) or (1b).
Solvents used are not particularly limited as long as
they are solvents that do not inhibit the reaction and can
dissolve the s:tarting material to some exten:t. The solvents
include aromatic solvents, ether solvents, ester solvents,
halogenated hydrocarbon solvents, nitrile sdlvents, amide
solvents, sulfoxide solvents, and hvdrocarbon solvents.
Halogenated hydrocarbon solvents are preferable, and
dichloromethane is more preferable.
Reagents used include acid chloride. Oxalyl chloride is
preferable.
The reaction temperature differs depending on the types

oI the starting compound, the solvents, the reagents, etc

-7



doul oureux, neuroma, or angiitis, pain caused by

di abetic neuropathy (or diabetic periphera

neur opat hic pain), pain ‘caused by

chenot her apy-i nduced neurop% y, atypical facia

neural gi a, neuropathic pain‘inthe |ower back,

trigem nal neural gia, occipital neuralgia, nyelonere

or intercostal neuralgia, neural gia associated with
andHI)g umwrlalygi-&7 8°as socirateed weérige Al RS e hypesr B gasi @, -78 to

burni ng pain, sudden pain, pain caused by
0°Cchenntherapy occi pital neural gia, psychogenic pain,

(ﬁgﬂn associated with gall stone, neuropathic or non-

ropat hic pain associated with cancer, phantomlinb

b ain,. functional abdom nal pain, headache, acute or
[ ¢k ensi on headache si nus headache, cluster
he% ache, tenpor anandi bul ar joiLnt pain, maxill rg
| AGS B0 Jain Cads 6 By ST gRphigp TG, befofe the

steztﬁ%dﬁlla'rt‘&ut ISOC‘pé) tgpe%g{'l\ég pglegb

I i The
Foni ¢ non- reur opat hi ¢ af -3t lBﬂ 58 pgoduce the

c [ cyLa [ fibrpgy
O“EM‘C% o”o%?r@gli‘an%g’e?%r@ﬁ. $RFacPS MreoBPy RE EATY BbAkBuna
1)CeNtEim RGNV Qdpctire! emd nchrder f Al it Hg- &pbSode,
epil epsy (particularly, partial epllepsy “adul t -
refpagdddieS bz Ufles @ékdep@ltfﬁlrmﬁeézumﬁ)l Breprbepsy produced
patients), asphyxia, general anoxia, hypoxia, splna
thoorgh i Mheiryteds st tc Hrai ori nhar gtepead-ngor $-9.
cerebral ischema, seizure, cerebral angi opathy,
[OGfAUr ocar di ogeni ¢ syncope, neurogeni c syncope,
hypersensitive carotid sinus, neurovascul ar syndrone,
[PeR¢®s% h#d a, nood disorder (e.g., depression),
treatnent -resi stant depression, seasonal affective
di sorder, child depression, prenenstrual syndrone,
-prenenstrual dysphoric disorder, hot flash, bipolar
di sorder, manic depression, conduct disorder,
di sruptive behavior disorder, stress-related physica
di sorder, anxiety disorders, borderline personality.
di sorder, schi zophreni a,



schi zoaf fecti ve di sorder, delusional disorder, brief

psychotic disorder, shared psychotic disorder,
subst ance- induced psychotic disorder, anxiety
associ ated wth psychosis,_ ychotic nood disorder,

nmood di sorder associated w th schizophreni a, behavi or
di sorder associated with nental .retardation, insonmnia

(e.g., primary insomia, secondary insonnia, and
trgnsi ent i nsommi a), noctanbulis 4-s|§§g' rivati
REM sReep @i sorder, sl eep apnea, RypBf Spmif/a

A, sl eep-yake cycl e di sopttes, tol ag,

esPQf_other disorders inch2 nr

br%nchltls cystic - 55 flbr03|§R respirator
di str@ss syndrone, bronchospasm cd@yh, pertussis,
allergy, contact dermatitis, atopic dermatitis,
icaria, pruritus, pruritus associated wth

, _Alzheimer's disease, delitiyn demantia,
org%f I eSSy autism attention | def®” i RE
yper t|64t§ i sorder, Reiter's |syndrgoe RDR}A" s
yndr one, ogren's syndrone hyper t ensi on,
enatopoﬂ%§$ post operagi ve neyroma, befryn
rostatic hypertrophy———pe#%od al di sease,
emorrhots, fissure-in-ano, infertilityor reflex

ynpat hetic dystrophy, hepatitis,| vasodilation,
I brosinng gls%%ﬁé; col | agen di se

—"m :T;aASEm o Sl © Wi uilen S @ Wi ol o
pre =

e, angi na pectori
i graine, R d's di sease, dry eye s dr&
onj u NS0 vernal conjunctiyitis, Ilﬁ%ratl

atqg'. clefosis, pervasive develo urs r%er,
Qggn ﬁpﬂphg@%&lClency virus infe tlon,Rz g1 psR

(21b) (1b)
[0095]

[Step H-1]

The step E-1 is & step of producing a compound {

the compound (1).

ryct gvR® airway di sease, bron ogmeyﬂﬁhia, chronic
ul't

c
vi Rf etilnopathy, nultiple sclerori anyot ophic
I
h

on,

p H-2
R314r coliepsy, and general ized ety |di sorder. [OH:EH:—>

y

enodi al ysis, infg ammatory bowel di sease, psoriasis,
st eoakt hRistd')s(,_Q/cI?rti lage injury,| arti 8l afs

heumat) s psprratic arthritis,| asthnmg, pun n,

y @r nsitTyity, Parkinson's difs e arrtTihgt on'

S

S,

ve

21) from

Solvents used are not particularly limited as long as

they are solvents that do not inhibit the reaction and can

dissolve the starting material to some extent. The solvents

include aromatic solvents, ether solvents, ester solvents,

halogenated hydrocarbon sclvents, nitrile solvents,

amide

solvents, sulfoxide solvents, and hydrocarbon solvents.

Aromatic solvents, halogenated hydrocarbon solvents,

or



H V encephal opat hy, dissociative disorder, eating
di sorder, ulcerative colitis, Crohn's disease,
irritable bowel syndrone, chronic pancreatitis,
chronic fatigue syndronme, sudden infant death
syndrone, overactive bl adderl chronic cystitis,
chenot her apy-i nduced cystitis, primary notor disorder,
aki nesi a, dvskinesia, cranp, Toure-note's syndrone,
hydSeatarbosy rdrlonent paied wsi st eextb apyaadi Bahz80£06r toluene
di sorder, restless |egs syndronme, mastal gia syndrone,
is mutrieomprsifekmegsls. | upus eryt hemat osus,
i mrunodefi ciency, inflammtory gastrointestina
di §6rderntsgasted tinglysicoattingrssdiobeangast swahetieral
ul cer, peptic ulcer, dyspepsia,-nenesis, breast
Hy QraRagzoigasits iRr ey le gast ri ¢ | ynphoma
gagglioneuroblastona, and small-cell cancer. [0102] A
ph

TRCEACICAN COMPFHATGT Conprest michPed Eehpvuridie types

represented by the general formula (1), (la), (Ib), or
of GHY ST SR ?bQ@F%I??*%%Eé%taBP% §%??ént 1 etc.,
her eof ,__when I.nistered to nammls (e.g., humans,
and, g% A ualiy " G0 Tetiare SRS M) ERs e TaE LY 0% o
regyﬂgrggﬂgygﬁéﬁgstenicalIy or locally through an oral
or parenteral roue. [0103" The pharnaceutica
[ooposi tion of the present invention can be prepared
in an appropriate form sel ected according to the
[Stwaprimd Bt rati on net hod, by preparation nethods of
various preparations usually used. [0104] The form
of Thize splear aceUts calstconpoSidumiedotngrahe compound (21)
adm ni stration includes tablets, pills, powders,
to grandas, resapsul es, tgopuwbdons, asospersincngzla) or (21b).
emul sions, syrups, and elixirs. The pharnmaceutica
COMFESISNtEn USeS udiE didoring ssampe epar edoaecor dirg sem A-1,
standard net hod by appropriately
hydrocarbon solvents, aicohol solvents, and mixed solvents of

hydrocarbon solvents and alcohol solvents. . Hexane-
isopropanol or hexane-ethanol is preferable.
The column used in the optical resolution includes the

™

same as those in the process F.

The temperature used is usually 0 to 40°C, preferably 20

to 40°C.
After completion of the reaction, the eluent (solvent)
is distilled off zo obtain the compound of interes: of the

present reaction.
[CO97]
[Step H-3]
The step H-3 is a step of synthesizing the compound (la}

or (lb) from the compound (2la) or (21b).



sel ecting, according to need, additives from anong

exci pients, binders, disintegrants, |ubricants,

swel I'ing agents, swelling aids, coating agents,

pl asticizers, stabilizers, gntiseocics, anti oxi dants,

col oring agents, solubilize g;“suspending agents,

emul'sifiers, sweeteners, preservatives, buffers,

di luents, wetting agents, etc. usually used. [0105" 57

Theof eem:ef ushe phar meeephiredlcutemositiniit ddras long as

parenteral adm nistration includes injections,
theyi rtredel verged schar etnmotpaltiilces, tipat cdestion and can

aerosol s, inhalants, sprays, eye drops, nasal drops,
dissppositior | €53 ramd imfiad mre 5. tTheomphexremeut ittal solvents

conposition in such a formis prepared . according to a
ingsl Pt hods Dy eippt opri ke el yoSeereti ngstenceor vengs,

to need, additives from anong stabilizers, , ,
halof$@pefc 8 Y IO 1%,V Hinect BAt S 1 15r §9dripdtt vesamide

anti oxi dants, flavors, gelling agents, neutralizing .
soLHehitS;  CHOFRBRATSFa Y BUIT or QYL ORREPEY SGamsits, ketone

urfactants, _.col oring -agents, f.fering.agents, -

STVt REher 80 RELEIHE SEonte. 11 | PETETe SHeSFRLItoRy agueous

] e uspending t indegs, ,etg, wsually
o 1o e e O RS nonna  FEnT cbEnfeh by
prgfgkégm@ral formula (1), (la), or (Ib) or the

phar macol ogi cally acceptable salt thereof differs

dependjdig: HN: SHTPIIMBudAG: i d bedya Wed @l |, £ &F Cexa@ple,

is, for oral admnistration, 1 to 2000 ny, preferably
indfydoi 600r ngrfaniteaobsdof shhe asphptirothibeiccanpdyndketic

per dose which is adm nistered once to several tines
acpddayul buancadold, (botlyemesghtonapproxdpatelly 60 Kg)

and, for parenteral adm nistration, 0.1 to 1000 ny,
campppldepabfynictac3@0 ny (in terms of the anount of the

conpound) per dose which is admnistered once to
sevdry|réaction temperature differs depending on the types

of the starting compound, the solvents, the reagents, etc.,
and is usually 0 to 10C°C, preferably 60 to 100°C.
[0098]

The compound represented by the general formula (I),
(Ia), (Ib), or (II), obtazined by the processes, or the
pharmacologically acceptable salt thereof exhibits activity
as an a6 ligand and affinity for voltage-dependent calcium
channel subunit a0 and is useful as an active ingredient in
a pharmaceutical composition used for treating and/oz
preventing pain, disorders involving the central nervous
system, and other disorders.

[0099]
Examples of pain include acute pain, chronic pain, pain

caused by soft tissue or peripheral injury, posthervpetic



times a day to an adult. 58 - Exanples [0107]
(Example 1) () - [ (1S, 5R 6R) -6-
(am nomet hyl ) bi cycl o[ 3. 2. 0] hept-3-en-6-yl jacetic acid
(exenpl ary conmpound No: 1) (i-a)
( 2E) - hept a- 2, 6- di enoi ¢ acid -2 Pentenal (4.45 g, 51.4
mmol ) -and malonic acid (6.41 g, 61.6 mpl) were
di ssolved in pyridine (9.9 nL). To the solution,
‘neprpegid] necélpSral)nvasadgdded, tandehhga XbUre 1W8S,
then stirred at 90C for 5 hours. The m xture was
myaléowed ¢o indetcastal hesupadgiaci deschbyt Ba iaddiddi@Rpathic
of 2 N hydrochloric acid, followed by extraction with
padhethyfreiher . pdhe asganistebayerhwasteashedrdittih or
saturated saline and dried over anhydrous magnesi um
arsufeage, Tapdneheshi | praneagascthend wohtenbnated amndeprain,
reduced pressure. The residue was distilled under
Or r eHYERA pPRIRAY L2491l abt BRANt RaUEEApBNNndPdnailntterestoraprain

.a colorless oil substanfe gs , 110-116C, 3.27 g,
S“%%Wéﬁjfiyb)p%%?i%%uFbﬁ ower back, sciatic neuralgia,

) - 5R) hi | .2.0] hept-3-en-6- ylid tate
B A
| Ut _of .(2E) - hept a- 2,_6- di_enoj
ool S50 STLALOR(BO.IL) 8L (200 oo mdoras
ocHl XtUpgi MaS; gkl khRg: £P gginV‘BF§§§ﬁiEEe 2k gmoved £1;om;

the ice water bath, and gradual eated to room

pal€PeEahUsEsolL heEdSHEERI BYshaho2PnakNUt8Sor LR, or
reaction solution was stirred for 1 hour under heating

entiometefibuXxs, ThemsobUyian pasnakkewedatedcookn arGiher
solvent was then distilled off under reduced

rapiessareinJoryhep89n eesbdiueretioltieheamwasthuriicher tic

added, and the solvent was then
douloureux, neuroma, oOr angiitis, pain caused by diabetic
neuropatny (or diabetic peripheral neuropathic pain), pain
caused by chemotherapy-induced neuropathy, atypical facial
neuralgia, neuropathic pain in the lower back, trigeminal
neuralgia, occipital neuralgia, myelomere or intercostal
neuralgia, neuraigia associated with HIV, neuralgia
associated with AIDS, hyperalgesia, burning pain, sudden pain,
pain caused by chemotherapy, occipital neuralgia, psychogenic
pain, pain associated with gallstone, neuropathic or non-
neuropathic pain associated with cancér, phantom limb pain,.
functional abdominal pain, headache, acute or chronic tension
headache, sinus headache, cluster headache, temporomandibular
joint pain, maxillary sinus pain, pair caused by ankylosing
spondylarthritis, postoperative pain, scar pain, chronic non-
neuropathic pain, pain attributed tTo hyperlipidemia,

fibromuscular pain, and fibromyalgia.



distilled off again under reduced pressure. The
resi due was dissolved in toluene (20 nm.), and this
sol uti on was added dropw se over 1 hour to a toluene
solution (20 nL) of triethﬁlanlne (9.19 g, 91 nmol)
heated i n advance to 90C. fit &r conpl etion of the
dropwi se addition, the mxture was further heated
with stirring for 2 hours. The reaction solution was
[0l©adl ed, then diluted with saturated saline and water,
and filtered through Celite. The filtrate was
separapedsi ntfoddsganier santhvadueous ey etsnt Tde 0F Gadk €
| ayer was then washed with 1 N hydrochloric acid,
Sy stteen idvdledicovierinmagnesp sncel fapeleand fphretedlafhis
filtrate was added to a reaction solution prepared in
Parzdian @@ iflemhva  afi et iead/et hbnee soluei oang20antjadf seizure
tert but yl d|nethoxyphosphorylacetate (5.98 g, 25.9
1N RRHDEEAY PSEdaTHR S hy R $RIRY 1 58509 DR £ T2 DBBNPX g, Qsmgma,
), and the mxture was stirred for 1.5 hours.
SD%H%; EFG i78H ol ut T oM Kat bt At Rdi N agG¥ouse §6IHFDBHY'

e#gbfgqnggégllnq%grs o%%ééﬁlJrat Ui r%ggrPgaggérutson
ned’ﬁﬁ:aﬂi@%%‘}{ﬁgé EXL ,gﬁé@f‘o&‘é%%y drgx!:oéget gggbrsggs,lb_vn

organic Tayer over~ an us nmagne

cars fate and trhﬁ[‘rox?é%ﬂe%‘ sJH&réﬁéVeQE }Afgﬁhﬂaét,'hbse

of f under reduced pressure,” and the residue was
diquiddd e@d hy. Siddsee g€l o) UFPea EhEABRERYE 8BRY -t Qepression,
obtain the conpound of interest as a pale yellow oil
seaudrstlancE «cl A8 giiS@8geE/ Zchi xdudeprebiich, Tertmbdbyhrual
Z) , OR) -6- (nitronmethyl)bic_yclo
syrd@&dnd ]l repns eyl insphat ec6@isdederbuhygk flash, bipolar
()-(1'S, SR) bi cycl o 3. 2. 0] hept - 3-en-6- ylideneacetate
digOEaEy g Mg 30 GRTSS Wee di 38pHved fhSonteremdtihanetive
m.). To, the solution, 1,8-
be%ﬁ%ﬁﬂﬂn%ﬁﬁﬂ%ﬁ%&ﬂ-%ﬁﬁ%ﬂ%crﬁl%ﬁﬁa(RHSSﬁE318d4Sﬁﬁ@E¥ wagxiety
added and the m xture was stlrred at. room

-dlﬁ%ﬁﬂﬂﬁ%ﬂtﬁ q§nljp%o%?_sona -y disorder, schizophrenia,

schizoaffective disorder, delusional disorder, brief
psychotic disorder, shared psychotic disorder, substance-
induced psychotic disorder, anxiety associated with psychosis,
psychotic mood disordexr, mood disorder associated with

schizophrenia, behavior disorder associated with mental

retardacion, insomnia (e.g., primary insomnia, secondary
insomnia, and transient insomnia), noctambulism, sleep
deprivation, REM sleep disorder, sleep apnea, hypersomnia,

parasomnia, sleep-wake cycle disorder, Jje:t lag, narcolepsy,
and generalized anxiety disorder.
[0101]

Examples of other disorders include chronic obstructive

airway disease, bronchopneumonia, chronic bronchitis, cystic



and then heated with stirring at 50 to 60C for 5
hours. The mxture was allowed to cool and then
diluted with 1 N hydrochloric acid and saturated
saline, followed by extraction with ethyl acetate.
Then, the organic |ayer was>>dried over anhydrous
magnesi um sul fate, and the solvent was distilled off
under reduced pressure. The residue was purified by
fip¥dsiGd @RlulcolruBL Chosmf ogf aphy¥st0sehtiabiiet NBronchospasm,
conmpound of interest as a colorless oil substance
cough,9®egtuFNY, {Lregderdeobusyt Grrmafi€ls, SRop6R)
-6- (am nonet hyl ) bicycl o] 3. 2. 0] hept - 3-en-6-yl ] acetate
derferdi-dg,yludicafid 1HreR te6R) pBuritus associated with
(nitromet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl acet at e]
hemodiggd wpis.7. wif harghy toms Ribwes| dedeiaseet kanagliag26 .,/ ni L)
and water (10 mL) ., To the solution, iron powder(2.07
ostgosFL iy bt ) @R BRRORI L VERI oRFde CU39F. FhRYTAT AT,
nnoug.mefq;added, and_the m xture s stirred for 4.5
PS Yo s Urffer Mkt 7 ng? £ oPFef i GRIPERE T AYREGSEMRAS I VItY
b rjcl'l owed, to, cool thﬁn diluted,w th satur a%gd. _saline,
AR ot U 2tedus T YBH LR F bR of S0 i CarBEREES, ©
diéggééﬂrgglgge& tedeﬂggtgé!tﬁggge'%5&%%@s§eghk§sho attention
renmove insolubl e nmatter. The filtrate was separ ated
ded MO Of @M ScaNg; AQUEOYSrhaYer Reithe 'QF GAMIGG oY €DNRS s
washed With saturated saline and then dried over
sy B OUSH HREBESEUBYndBdme s Uhk ket cHhan,t hemsebyeitesis,
was distilled off under reduced pressure to obtain
podtheoeonpouadnefirbnter bshiga arpalcetyel lrowersalopthy( 1. 99
g, this conpound was used directly in the next
pereaddnonl Wil heatebehrgopuhbfided) .fi(slw)e-in-ano, infertility,
()-[(1S,5R, 6R) - 6- (am nonet hyl ) bi cycl o[ 3. 2. 01lhept - 3- en-
reflex | agmpathatid AyatRobisr obislpertic isci drestafill agdetrat e
~solution (10 nL) was added to tert-butyl () - [ (1S,
fl@#@SEﬁg)dléease, collagen disease, angina pectoris,

migraine, Raynaud's disease, dry eye syndrome, conjunctivitis,
vernal conjunctivitis, proliferative vitreoretinopathy,
multiple sclerosis, amyotrophic lateral sclerosis, pervasive
development disorder, human immunodeficiency virus infection,
HIV encephalopathy, dissociative disorder, eating disorder,
ulcerative colitis, Crohn's disease, irritable bowel syndrome,
chronic pancreatitis, chronic fatigue syndrome, sudden infant
death syndrome, overactive bladder, chronic cystitis,
chemotherapy-induced cystitis, primary motor disorder,
akinesia, dyskinesia, cramp, Tourette's syndrome, Scott
syndrome, paralysis, extrapyramidal motor disorder, restliess
legs syndrome, mastalgia syndrome, motion sickness, Ilupbus
erychematosus, immunodeZiciency, infZlammatory

gastrointestinal disorder, gastritis, proctitis,



(am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl] acetate
(0.99 g, 4.17 mmol ), and the m xture was stirred at
roomtenperature for 1 hour. Then, the solvent was
distilled off under reduceg pressure. The residue was
suspended by the addition £ di chl or onet hane. To the
suspension, triethylam ne was then added dropw se,
_ and the resulting powder was collected by filtration.
gasthedobidinzad ydowder peast vashede ny tdyspkecdd o odeéhane breast
and then dried under reduced pressure to obtain the
cangerpowedbtofid magrest, 5 st whé t bypowex, (211. 6 ny,
35% . [0108-1 (Exanple 2)
gan[g(lmr?;gr@S)laes-t(qm ,nomci g bl cyel b[ 29T hept - 3-
en-6-yl, ' acetio acid (exenplary conmpound No: 1,
O%ﬂ%n caIIy active formp H' NH2 COON H 62 (2 a)

Resol uti on of tert but 1S 5R, 6R), -6-
(n TPgﬁet“ﬁyle) Ch Sabetirinn AR g mns gpound
1S 5R

rep}ﬁlrsi“rngclrjnts 5){ |cy To?%a“z oy Ha Q ?%h - 655} acéfBte isatt
e T8 TR DE0 o50 eitnLog L Lo ot B

| 168l e e € ahadcetust LA ;, Lh@manto ﬁ§§9§§g' V@M’ )o** pigs,

obtain 65.5 g of a peak 1 (retentlon tinme:

preait- G448 Hudn @) peak 2adiet epbiren tisBembedl mryna;r locally
(2-b) Tert-butyl [ (1R 5S, 6S) -6-

thricammaretdyd ) bocyed 0f3t 2r H] hepti£3- en- 6-yl ] acet ate
Tert-butyl [(1R 5S, 6S)-6-
[0 it romet hyl ) bi cycl o] 3. 2. 0] hept - 3-en-6-yl ] acetate
(peak 2, 20.7 g, 77.4 mopl) was dissolved in ethano
(200 enfegpceutical composition of the present invention
can be prepared in an appropriate form selected according to
the administration method, by preparation methods of variocus
preparations usually used.
[0104]

The form of the pharmaceutical composition for oral
administration includes tablets, pills, powders, granules,
capsules, solutions, suspensions, emulsions, syrups, anc
elixirs. The pharmaceutical composition in such & form is
prepared according to a standard method by appropriately
selecting, according to need, additives from among excipients,
binders, disintegrants, lubricants, swelling agents, swelling
aids, coating agents, pliasticizers, stabilizers, antiseptics,
antioxidants, coloring agents, solubilizers, suspending
agents, emulsifiers, sweeteners, preservatives, buffers,
diluents, wetting agents, etc. usually used.

[0105]



water (100 nmL). To the solution, iron powder (34.69 g,
619.5 mmol) and amoni um chloride (2.09 g, 38.72
nmol ) were added, and the m xture was stirred for 6.5
hour s under heatlng to reflux. The m xture was
al l owed to cool, then dllutég Wth saturated saline,
a saturated aqueous sol ution of sodium bicarbonate,
‘and ethyl. ace-ate, and filtered through Celite to
r eraee foRsobiblkaemphbea cEe ifdalit e osas isepatad ed
into organic and aqueous | ayers. The organic | ayer .
pa neast anseslh edim v it 9t r<eait prat et lsade nel et hems dr ¢ edtoeet s,
anhydrous magnesi um sul fate. Then, the solvent was
geldi,stdddams offfowlidere 3 e dvacezhe pr e 01D, obtaghaats, sprays,
m xture of the compound of interest and the startln%
eyen@iré Sl TESadl Pl SYRRID foDlas gan@s%ll’ﬂﬁﬂa%@@ltsby he
"HNWR). This m xture was, dissaolved_again in ethano
%Rﬁﬁyeqﬁﬁc%%uF%%ﬁQﬁl%%QR)%ﬂ)suq% 3 HePSBI bt i BREPRF B

e AEY (78 P e B B SR ThEL SFAFETing,

was stlrred fo our s under heat flux while
acd@SSid SN ﬁ? e R D E I D TV
@ea[z%l%n 4 @&P@i& nsnur;(betm%ur@rfxﬂ@érégww@g to

then diTuted W saturated saline, a sat uraf ed

an e + $01 £ 4 -Phk- Of §9ﬁlﬂ@&bé@@ﬁ@QnaﬁgutEQd1§EHM|acents,
acetate, and filtered t hr ough Celite to remove

solulsol b es meadd £ferINecofiiditat ggy@ss separabedaht) coloring
organi ¢ and aqueous |l ayers. The organic |ayer was
agavashedowd fdr- sa ui@e etls sathhekandrs henstdtind ageets, fillers,
anhydr ous magnesi um sul fate. Then, the sol vent was
abshspildmdondiotnder sedoerdipgesganest obdbtiarn,t hec.
conpound of interest as a pale yellow oil substance
LS%171E3U@?d950). (2-c)
% (1R 5S, 6S) - 6- (am nomnet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en
[010 lyl]acetlc acid A 4 N hydrochloric acid-ethyl

[ ( at e sol UU Orhg zggmgé_ nd V\J;@rasolaéjsdeergtég é}gr%nguégneral

%@g‘l%gm‘r‘} hy' b cyglol 3,2 QLhept- 3rgPn8c¥h Lasehale
acceptable salt thereof differs depending on symptoms, age,
body weight, etc., and is, for oral administration, 1 to 2000
mg, preferably 10 to 600 mg (in terms of the amount of the
compound) per dose which is administered once to several
times a day to an adult (body weight: approximately 6C Kg)
and, for parenteral administration, 0.1 to 1000 mg,
preferably 1 to 300 mg (in terms of the amount of the
compound) per dose which is administered once to several

times a day to an adult.



7.4 mol ), and the m xture was stirred at room
tenperature for 1.5 hours. Then, the solvent was
distilled off under reduced pressure. The residue was
suspended in dichloronethag . _To the suspensi on,
triethylam ne was added dr gmﬁse, and the resulting
- powder was collected by filtration, then washed with

di chi oronmet hane, and then dried to obtain a white

ExayoweRs A (6.85 g) Fromthe filtrate, the solvent was
distilled of = under reduced pressure. To the residue,

(010 N hydrochl oric acid-ethyl acetate solution (200
nL) was then added again, and the m xture was stirred

(EXamplgpm ) t ehpel @tIr & AG¥) ©hours. The sol vent was

distilled .off unde educed pressure,,and the residue
(e S ATl - i EHi St sanB=Y TOor RELf o8t ale
Striet hyl amne dded dropw se, and the resulting
(“%é# eég%ég§%§ﬁ¥@%f§ﬂ'by) filtration, then washed with

1-di chlgfamet hane; ang; 1 he ' to obtain a white
(lponLr B (Z.48 g) Thignﬁﬂf%%&%%mder B was conbi ned

Wi th i R0V e-htzaidned whi tgoWdg(q Arangh washeds (¢ 41 o,

with ethanol and ethyl acetate to obtain the conpound
61 .08 mridll ereste agi Ssvd® ROWSRFi d7nd9 (9. 95R%) . [C109e
(Exampl e 3)
soJYURBS, BiF)e i ¢ ame NONES hyll) bi£y ch@fdd?. @hbephe3mixture was
~er.=6-yl]acetic acid (exenplary conmpound No: 1,
thoptsttaited act?0E flammodinflers.ngThe pricductl ersproIes®Ed to
fromthat of Exanple 2) H\\\~ NH2 COOH H (3-a)
cocrerand KRS Naq¢ RCcHEicEY) tie gdeéition of 2 N hydrochloric
but oxycar bonyl am nomet hyl ) bi cycl o[ 3. 2. 0] hept - 3- en- 6-
acv$qa% Awed by extraction with dietnyl ether. The organic
layer was washed with saturated saline and dried over
anhydrous magnesium sulfate, and the filtrate was then
concentrated under reduced pressure. The residue was
distilled under reduced pressure'to obtain the compound of
interest as a colorless oil substance (3 mmHg, 110-116°C,
3.27 g, 50%).
(1-b) Terz-butyl (#)-(1S5,3R)bicyclo[3.2.0}hept-3-en-6-
ylideneacetate
Oxalyl chloride (10 mlL) was added dropwise o a toluene
solution (60 mL) of (2E)-hepta-2,6-dienoic acid {3.27 g, 25.9
mmol) under ice cooling. The mixture was stirred for 20
minutes, then removed from the ice water bath, and gradually
heated to room temperature. After stirring for 50 minutes,
the reaction sciution was stirred for 1 hour under heating to

reZlux. The solution was allowed to cool, and =—he solven=

was then distilled off under reduced pressure. To the



Tert-buty= [ (1R ~S, 65) - 6-
(nitronet hyl ) bi cycl o[ 3. 2. 0] hept -3-en-6-_yl ] acetate
(peak 2, 30 g, 0.11 nol) was dissolved in ethano
(300 nm.) and waver (100 qu; To the solution, iron
powder (18.8 g, 0.34 nol) an& amoni um chl oride (3.6
g, 67.3 mol) were added, and the m xture was stirred
for 4 hours in an oil bath at 80C. Since the nitro
resigiif of t A Hee e dras ngrreer | afidedmainddthier enlveBs was then
. powder (18.8 g, 0.34 mml) was added thereto, and the
Algm AR ohms2 11t reedeh wederrdbREASANTEOC. T teesBdue was
. hours, /iron owder (18.8 g, 0.34 mmol) was added
A1SHRrED, “antP RS ni &Y Ul wadlPuFPREr SeLiEied Fep added
ardiouwrs in an oil bath at _80C and %Eenileft Qver ni ght .
o powder j(31%?%* 9t ° OF 37 HBF) SRast4Q8ed2PndFét 81
and the nmxture s si=red for.2 hours in an oil bath
o G b T Lo O paadGE. T188825=C0r 94 S0°C.
FdAD| ) o oS added, £ t e e.hecape  difficult
Ar%%?inﬁﬁﬁ? Therég%?gfﬁ%hgr?%gé?roégagglggfn?ﬁétgdgthfhewas

fuind s Wasq al 1 onegk 1 or cool randot hen i | tered Lo - ;
renove insoluble matter. To the fiItraté?ﬁZB%E§2blon

so)(Bhioh gvad.ddol @®) )t1eed &=i etbyl ankrest46+r9tERLs29434 ang
nmol ) were added, and the mxture was stirred at room

wattenpead uf el fere@ hotwsgh ThelieeganTice SP1 VERit Ma$as
distilled off under reduced pressure, followed by

seradatrd i Unt Wi e hg@thy | and et @teof:sodalke st enBh @i digganic layer
aqueous |ayer. The organic |ayer was washed with an

waHtesusvaeiedi ¢ilei U orydreahlaater acddt utheeddried over
aqueous sodi um bi carbonate, and saturated saline and

magg SOV BhRGdr s ThagmesHum Bul§ af £l t Thied, waheadded to

2 gggggngnmasjdistilled oji,under_ reduced pressure. The
FEST U wals - pur v i REEBYT ST | +Ba2FERRCEoFaRR &

- ; ! y obt ai he_conpound_of interest- as
R L A e s
dix&é&ﬁcﬁé%&ésﬁpﬁ@yféé@%{‘é’@é hyk) bi cyel ol 32191 hept 13480y

- 6-ylJacetic acid
hydride (>65% oil, 986.7 mg, 25.9 mmol), and the mixture was

stirred for 1.5 hours. To the reaction solution, a saturated
agueous solution of ammonium chloride, saturated saline, and
water were added in this order, and the reaction solution was
subjected to extraction with ethyl acetate. The organic
layer was dried over anhydrous magnesium sulfate and ther
filtered. The solvent was distilled off under reduced
pressure, and the residue was purified by silica gel column
chromatography to obtain the compound of interest as a pale
yeliow oil substance (1.73 g, 32%, E/Z mixture).

(l-c) Tert-butyl (z)-1(

1
(nitromethyl)bicyclo[3.2.0)lhept-3-en-6-yllacetate



A 4 N hydrochloric acid-ethyl acetate solution (500
nm.) was added to an ethyl acetate (150 nlL) solution
of tert-butyl [ (1R, 5S, 6S) -6- (tert
butoxycarbonylaninonethyl)bicgclo[B.Z.O]hept-B-en-6 66
yl Jacetate (76.9 g, 0.23 ﬁﬁl?, and the m xture was
stirred at roomtenperature for 5 hours. Then, the
deposi ted powder was collected by filtration and
dr ikt -Sutcg t e -pars | k) hestc1outyh  e5hepr WBS A0k
el imnated, the obtained powder was suspended again
viidenedcadtdyelr OLhTor gc aci3d- etrhyl) acet atiescIaladt i:0Nn
. (300 nmL), and the suspension was stirred at room
N1t eepeEaine e(¥0rnl) holks Gimel shénthient dverni ght. The
_dggosited Pomder was collected by filtration and dried
d13FAbHeYat Ale nd- harderrdreae dil -Bhaleodpdumiicadf) was added,
interest as a white powder (43.2 g) . To a nethyl ene
and i ir i FeXt 869 WeS SLhSpeAsPon TP ReTEsrattvee for 1 hour
hydrochloride, triethylamne (27.7 nL, 0.198 nol) was
Y dded” dtopur ewhthrBBﬁfféﬁﬁeP t e toa®d°Ct hernPxbares. The
3 tysLed- for. 2 hou nd_then | eft .standing.
U 26257 EReCPaRurring dnder Wad daitredt
hy&&bcﬂl&%f@légfdand“@§EﬁgaW%Ehs%ﬁi%%Rh%%ghig}ley
acetate m xed solvent to obtain the conpoung OP
extrdetest astia ¥hhie QQ@QQEe.(Zﬁhéng)the[ggégkic layer was
(Exanmpl e 4)
dri¢d SR 6R)h pafaus noaghbyl b eyalaltd., 2 8hepl 3o1vent was
en-6-yl]acetic acid (exenplary conpound No: 1,
digpilled | 9ff acvdwe fednrdif beeissgrien cOnéi gysatihenwhksom
that of Exanple 2) HNH, "'//"/ COOH H - 67 -

purified by silica gel coclumn chromatography te obtain the
compound of interest as a colorless oil substance (1.98 g,

89%) .

oo

(1-d) Tert-butyl (*)-[(1S,5R, 6R)-6-
(aminomethyl)bicyclo{3.2.0]hept—B—en—6—yl}acetate

Tert-buty. (£)-[{(1S,5R, 6R)-6-
(nitromethyl)bicyclo[3.2.0]hept—B—en—G—ylacetate] (1.98 g,
7.41 mmol) was dissolved in ethanol (20 mlL) and water (10 mi) .
To the solution, iron powder(2.07 g, 37.0 mmol) and ammonium
chloride (392.7 mg, 7.41 mmol) were added, and the mix-ure
was stirred for 4.5 hours under heating to reZfiux. The
mixture was allowed to cool, then diiuted with saturated
saline, a saturated aqueous solution of sodium bicarbonate,
and ethyl acetate, and filtered through Celite to remove
insoluble matter. The filtrate was separated into crganic
and aqueous layers. The organic layer was washed with

saturated saline and then dried over anhydrous magnesium



(4-a) Tert-butyl [ (1S, 5R 6R) -6-

(am nonet hyl )bicyclo [3 .2. 0] hept-3-en-6-yl Jacetate

Tert-butyl [(1S, 5R, 6R)-6-

(nitromet hyl ) bicycl o[ 3. 2. 0] hept 3-en-6-vl]acetate

(peak 1, 21.6 g,. 80.8 mmol) °les di ssol ved in ethanol

(200 rrL) and water (100 n ). To the solution, iron

powder (43.1 g, 80.8 nmol) and anmoni um chl ori de
sul(2a69. 9T 5 tmel Jo wese: aggledyi sandl ERecREXLHAEr WBSquced

stirred for 5.5 hours under heating to reflux. To the
Preesict¢ o sobueionther onmpowder cf9itgrekil asmiphlwasellow

then further added, and the m xture was further
soktdrfkds? 0¥, 2thbar sompdencheati ngetio diefdamly The the next

m xture was allowed to cool, then diluted with a
r“%%ttf?%t‘@d“é@&eo}a%lngoPUFPéﬁedﬁ -sodi um bi car bonat e and

et hyI acetate, and filtered to renove insoluble

(1Rt t 6F).- Frbotn $heSRi + fr dRBInPREthylgRACY cd0l\Be At Obaspt -3-en-

lexftl ! ed off under reduced pressure, followed by

TR on W‘T‘h ethyl acetate fromthe agqueous |ayer.
The, o oF gant.£ er _was vvashed WI h_sat urated. sal i ne

and drie veor an%yjdco%%l?rag uRTShPFSt 8°1#heR {hHE ML)
aqso{;(y@gé %’@StQLw?tbLL g ! gwggr &edﬁgl _pressure, and
i'E C

resi due was pu am né
amiﬂém@¢ﬁ¥Lﬁ@D&y&90 @tﬁ' hk?e QQQPQ%Q@;quen eesh .3z ¢
a pal e yellow oil '
4. 171 k&R SRIné- {asi ﬂ@ﬁenhw )JElscxé%lw of3q 2:0]heRt +3x ?‘ér@ture
yl ]Jacetic acid A 4 N hydrochloric acid-ethyl acetate
fomsal utdwn. ( 20Ckml)thavaso adstetl tostert=butyl prél SnddR
6R) -6-
requeshopet hylybi cytho[ B2l dldepis 3Sseapbnjiblacet ahe addition
=7.4 g, 73.3 mmol), and the m xture was stirred at
r%‘fﬁlﬂ%h?ié?a@@@@ forp mhmwsoerm'em,the‘deppsammo was
was col |l ected by - filtration to obtain the
tn%&cﬁ% ?o‘??%wb? thénéoﬁfiSuﬁ&SBflthﬂt&Oé’ﬁe ragag whildected
. powder (15, 6 T net hyl ene chloride (300 nl)
su\ggéﬂ%ro?] ‘of thh“e %E)T%\Jr?m‘a PYUBENYBFi Hashea with

dichloromethane and then dried under reduced pressure to
obtain the compound of interesz as a white powder {211.6 mg,
) .

[0108]
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(Example 2) [(1R,5S,6S)- - (aminomethyl)bicyclo[3.2.0]hept-3-
en-€-yljacetic acid (exemplary compound No: 1, optically

active form)

il e

ﬂ:”lllll-



triethylamne (10.2 nm, 72.8 nol) was added dropw se

at room tenperature, and the m xture was stirred for

2 hours. Then, again, the resulting powder was

collected by filtration. The obtained powder was

washed with an ethanol - et hyl®%cetate mixed sol vent to

obtain the conpound of interest as a white powder

(8.43 g). [0111] (Exanple 5)
(214 1RRES: 6S} 1 6n ( aRi peretBYL ) bi qu@[@s%ﬁ} BROL63-

en-6-yl]acetic acid hydrochloride (exenplary conpound
(nNororlethhyppdehtooide2ob ] hbptearpaund vof aExaapke 2) H

/ COON HA H(5-a) [ (1R, 5S, 6S) -6- (am nonethyl)

bi Geciwo-Jutlyl 2(x) O |1hekrt -@Rene6- yl]acetic acid

hydrochl ori de Water (5 nL) and a 4 N hydrochloric
(nheremet By §) bkarneloddl dt Pohepr2 3nkrwee ladesdteo (154 g, 576

1R 58S, 6S) - 6- _ L _ _ o

mm‘%]a)m' hofef A§P}BRey8F6g. ShOTRépRX3AETEG-(pHhageEitObadidd S, 1.0

320.2 g, _.77_mmti), and the mxture was stirred at .
mLéIBbfm f Briper@@ir 82 F R -5 npYiuPes ceFhehepi ¢ant Thdgstries, Ltd.
~distille f der reduced pressure. .Tg the residue,
tvl%gé%%%igﬁgi ggggaaeﬁf’ nd Pﬁeawpfﬁﬁre § hEatey ande:
5.1 Metbpl Lowedtg ool 10,89 RS UG . The -

resul ting powder “was CoFlect iTtration. The ™77

(20bf arged-pawder ;vwas washked_with 1, 4-di oxane and then
dried to obtain the conmpound of interest as a white

(apoMeest h35000 el 0920p.. 0 82321 3 EXaMR16 28k tat e

[ (1R, 5S, 6S) - 6- (am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-

en-Teyt@ceyl c[ atkdsbenzenesul fonate (exenpl ary

conmpound No: 1, benzenesul fonate of the conpound of
(nEyag@eehQ))bicyclo[3.2.0]hept—B—en—6—yl]acetate (peak 2,
20.7 g, 77.4 mmol) was dissolved in ethanol {200 mL) and
water (100 mL). To the solution, iron powder (34.69 g, 619.5
mmol) and ammonium chloride (2.09 g, 38.72 mmol) were added,
and the mixture was stirred for 6.5 hours under heating to
reflux. The mixture was allowed tTo cool, then diluted with
saturated saline, a saturated agqueous solution of sodium
bicarbonate, ana ethyl acetate, and filtered through Celite
to remove insoluble matter. The filtrate was separated into
organic and agueous layers. The organic layer was washed
with saturated saline and then dried over anhydrous magnesium
sulfate. Then, the solvent was distilled off under reduced

pressure to obtain a mixture of the compound of interest and

the starting material at almest 1:1 ratio {(20.18 g, estimated
by "E-NMR}. This mixture was dissolved again in ethanol (200
mL; and water (100 mi}. To the solution, iron powder (40.36

g, 720.7 mmol) and ammonium chloride (4.18 g, 78.1 mmol) were



HNH "~-COOH PhSBH H
(IR,58,68)-6-(an1nonethyl)bicyclo[3.2.0]hept-3-en76-
yl]lacetic acid (152.2 g, 391 mmol) was dissolved in 2-
propanol (7.5 nlL) and materd§§.6 m.). To the solution,
benzenesul f oni ¢ aci d nonohydirate (305.2 ng, 1.73 mmol)
was then added, and the m xture was stirred at room
tenperature for 5 mnutes. The solvent was distilled
ad@¢d, uaderthedutedurpressuseirtetl awed Sbyohukt helder heating
azeotropi c dehydration with 2- propanol. Then, the
tOré%FéHé vasleashed mPv@e2- pBdpatok, t 5840bt amo1heras further
onpound of interest as a white powder (260.4 ng,
ad@g@©tanqgg]ln(E§5ﬁ9|@opy1@&§ hs mbRuBR)was allowed to

CoﬂﬁthyPB?c?& F?dZWBTHeE?t%”éh £6- §ahP§€et@cS?@M@a*ed agueous
7 a) Met h
SOﬁeﬁé{gﬁyatySﬁ%%%e@%@ﬂ@nm 2n8s %hﬁ&ﬁ.u@@p@m

Rt aror ranceo 0o (88008) Shperteln ravees. one
flP%PQ@Qt@QQaE§Bg§a%ngln§8 éaHEPkk gﬂge€§F%%#%o °%% The

re was stirre this

orfdnutesayde {/Be wé§§58|ﬁﬂt§OEHEhQBte@ Q%ﬁlhl'ﬁgﬂumhor dried
(1.66 M hexane solution, 25.9 nL, 43.1 mmol) was

oveﬂd&ﬂhﬁﬁﬁ@ﬂbsﬁagﬂéglhﬁesﬁﬂXhﬂée W@ﬁcnfufhhe§o§§hﬁ¥egas
for 10 m nutes under ice cooling. Then, allyl brom de

di$6i18ed, 043. tindwpl Yedaseaddedsshereto, o@ﬁ@¢hh%nv compound
m xture was stirred in this state for 30 m nutes and
Ofth@herﬁatthéraspaiﬁeﬁﬂbWewnbghtsabsmaoneteﬂﬁeﬁat@neBS%).
- _To the reactlon solutlon 1 N hydrochloric acid and
(23@t ufat ed (3BF PRe®S) - (amlnomethyl)bicyclo[3.2.0]hept—B—en—
6-yllacetic acid
A 4 N hydrochloric acid-ethyl acetate solution (200 mL)

was added to tert-butyl [ (1R, 5S,6S8)-6-
(aminomethyl)bicycio[3.2.0]hept-3-en-6-yl]lacetate (17.53 g,
7.4 mmol), and the mixture was stirred at room Temperature
for 1.5 nours. Then, the solvent was distilled off under
reduced pressure. The residue was suspended in
dichloromethane. To the suspension, Triethylamine was added
dropwise, and the resulting powder was collected by
filtration, then washed with dichloromethane, and thén driec
to obtain a white powder A (6.85 g). From the filtrate, the
solvent was distilled off under reduced pressure. To the
reéidue, a £ N hydrochleric acid-ethyl acetate soluzion (200
mL) was then added again, and the mixture was stirred at room
temperature for 2 hours. The solven:t was distilled off under

reduced pressure, and the residue was suspended in



were added, followed by extraction with diethyl ether.
The organic | ayer was washed with saturated saline
and dried over anhydrous magnesi um sul fate, and the
solvent was distilled off under reduced pressure. The
obt ai ned resi due was di ssol®%d in methanol (100 ni) .
To the solution, sodium borohydride (1.89 g, 50 mmol)
was added under ice cooling, and the m xture was
dishioredetnandi s & atree fogs 1dde hovr Se=By Nambydr Qsbl grked
acid (50 mL) was added thereto, and t%e m xture was
dregpvised fod BlenrastesinFhppowdsat unat edllaldmel was
cadded thereto, followed by extraction with ethyl
fileeraien  Theenorgahed Waybr diaslwashedhaineh satdurateed dried
saline and then dried over anhydrous magnesi um
toselPtate, 2 angi tReP8UAgENE ids 48didsc- sTedsovhinadepwder B was
reduced pressure. The residue was purified by silica
comgRineq| Yrhl chR8naPoyraphyatacshtais st Rewdeagngodnd efashed
.jpter as_a.pale yellow oil substance (5.72 g, 85%_
o FeiEher aRubBFulrar rage <prepyanit ek Eobound S
A= yL = 3= hydr oxy - 8- epoi¢ aci d et hyl
lné%%%ﬁy%ﬁh%%ééy §8??§-iﬁo§t@egqsg?¥%g, 33.2 ol )
(cyes; dissolved in a 2 N potassi um hydroxi de- net hano
solution (50 nL), and the solution was stirred
(ER¥@HDEOB] at1R[ 69NEEeIBEN AhYH@meEnYM) N8 8301 9N 0 hept -3-
solution, the solvent was distilléd off “under reduce
enpéegslaeetTo hbedr eskdiglagy EopHeons :Sadi WP-icaiiy
hydr oxi de sol ution was then added, followed by ]
acekxveatbrondwf fhardhet hyl pebhert ithe pagiecys drayernawas s
made aci dic by the addition of concentrated
Expgmetechloric acid under ice cooling, followed by
extraction with diethyl ether again. The organic
| ayer was washed with saturated saline and dried over
anhydr ous magnesi um sul fate. Then, the solvent was
distH |l ed off under reduced pressure to obtain the
conpgund of™i nt 5t as a yellow oil substance (2.21
2% i xture of di astereoners).

COOH

T

(3-a) Tert-pbutyl [(1R,5S,6S)-6-(tert-
butoxycarponylaminomethyl)bicyclo[3.2.0]hept-3-en-6-
yllacetate

Tert-buty: [(1lR,>5,6S)-6-
(nitromethyl)bicyclo[3.2.0]lhept-3-en-6-yljacetate (peak 2, 30
g, 0.21 mol} was dissolved in ethanol (300 mi) and water (100
mL). To the solution, iron powder (18.8 g, 0.34 mol) and
ammonium chlorxide (3.6 g, 67.3 mmol) were added, and the

mixture was stirred for 4 hours in an oil bath a= 80°C.

Since the nitrc form of the starting material remained, iron



(7-c) Teri-butyl
()-(1S,5R) - 3-net hyl bi cycl o[ 3. 2. 0] hept - 3- en-
6-yl i deneacet at e 4- Met hyl - 3- hydr oxyhept - 6- enoi c acid
(2.21 g, 1-3.9 imnol) was dissolved in acetic
anhydride (14 nL) To the sofdt i on, pot assi um acet ate
(3.29 g, 33.4 mol) was added, and the m xture was
stirred at roomtenperature for 2 hours. The reaction
powsielrut(il@n swas Meatdedmicl )1k 4 adPOC andrstb) redsf ohe mixture
3.5 hours. To the reaction solution, ice water and
wast ghuened der ert hen agddad, atargbachi safcxt-une hwas sst iikbad
at room tenperature for 1 hour. The m xture was
povwsggardtted int @ - Hqueousl antk dradaed tageeschbyabtiethe
_addition of saturated saline and toluene. Then, the
M1XGIFENIWE S| ayperthees Steisiedl ieh 4 shqur dgueduslisodetim at
hydr oxi de solution and saturated saline 72 in this
80°qr g, thhBnlafite@vevar garthydE505 RegAesi sl fat &, 34
nd then filtered. This filtrate was added to.a _
mo?Le\aévtaisor?C{dse(ﬁ[ Srrtk]eo%erpcf’epaé?éedtrb?/ BT AGS sBAT uit hyBFF e 2
e
houy, gﬁﬁé?gﬁg" 3§E$jbggiéﬁfﬁpbgggk%ohghaf%%%%%ngE%%u%%gder

(18?!%"%,“%}3%“%@1” %«la@geg@é@d (ém%e?cd,r 1141’1? H}['EJchrB'” Séame

ice cooling, and the m xture was ther stirred for
dizEiZultows. sthhe. r eaelieon 20! WHon nas- sapafad 6t it ed.
aqueous and organic layers by the addition of a
Thesatiaied wgledusows®| 1 | @b Df apdmPRLHNEEht ek derandemove
saturated saline. The aqueous |ayer was subjected to
insexitukdet ettt h @chylheacdetlatrate, These: )oogarsiec 71 ayens 17
were conbined, then washed with saturated saline, and
mo 1) hemndd rti ick tgveraraihy df HusS rmgnesi 8 msil f weee FHded, and
_solvent was distilled off under reduced pressure, and
thet e Flagied e et piFed i @ B9oB| Femacgeruesl aan 2 hours. The
chronat o {g&?y_to obtain the conpound of interest as a
OrGFAE SRIVTW 0T3S sib3tahted (AL 219deE09dBF2AnPREEFEY S/
07-q% }grt-but I,(% - [.(1S,. 5R _6R) -3-nethyl - 6- L
] ay Ao = + | = ; amai
R TRaRS \fhy)f)*b%/tyjc B8 0f hdpt - 358 %-eyE?SE-eFHFervma*nlng
aqueous layer. The organic layer was washed with an aqueous
citric acid solution, water, saturated aqueous sodium
bicarbonate, and saturated saline and dried over anhydrous
magnesium sulfate. Then, the solven: was distilled off under
reduced pressure. The residue was purified by silica gel
column chromatography to obtain the compound of interest as a

colorless oil (3C.8 g).
(3-b) (-)-[(1R,55,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-3-en-
t~yl]lacetic acid

A £ N hydrochloric acic-ethyl acetate solution {500 mi}
was added to an ethyl acetate (150 ﬁij solution of tert-butyl
[ (1R, 5S,6S)-6-(tert-

butoxycarbonylaminomethyl)bicyclo[3.2.0)hept-3-en-6-



Teri - but yl
(-)-(1S,5R) - 3-net hyl bi cycl o[ 3. 2. 0] hept - 3-ep_
6-yl i deneacetate (1.21 g, 5.50 mmol) was dissolved in
nitronethane (7 nL). To the solution, 1, 8-
diazabicycio[5.4.0]undec-7léﬁ%'(0.91 m., ~6.0 mmol ) was
added, and the m xture was heated with stirring at 50
to 60C for 6 hours. The m xture was all owed to cool
yllanckBasat (T @t edg, aQuUeduso Pl Ubhan +ek pOkASSEUNs stirred at
di hydr ogen phosphate was then added thereto, followed
rodyy extpaciionewidh BthyhracetBbien, Thendebbeios@apbeder was
| ayer was dried over anhydrous nagnesium sulfate, and
cokkrcioet vient fihsrarsonl krd dffedndefinedutiked F8rtial tert-
pressure. The residue was purified by silica ge
butgpl psteehyafebolr aphpinetest aithe theadospopnddefr was
interest as,a .colorless qil substance (1.14 g, 74%.
SUSPRREYeT G2 bt v £) 4- N[ hY9BCCEBROER) a-ceﬁamtﬁ@(gfetaﬁ_\;aﬁagﬁ
nmet hyl bi lo[3.2.0 t-3-en-6-yl]acetate _
sollE {8 ol SYO B %52k, LRBLRTsERp N S8R RlErrea at room
i I h bi, cycl o[ 3.2.,0] hept -3-en-6-yl ] acetate
verdl 10E SYOh P e SOaT 2a n CQER BT 200E)
|V I | uti @n it owder . . 8
e I PoralT Sha oy om Bl arrag (aehe R ot 3E5 R
obtED4 ) tMETByaddedcandet Be tREXLUES MRS St ihed £ak 45 ;3
hours under heating to reflux. Thé m Xxture was
whiatd oyedds o cosl2 ghen Th luteec iyt BnsatHratede s@bbngr)
a saturated aqueous sol ution of sodi um bi car bonat e,
suspen el byl oAcehat eptandedii hydredntiirdugh €eliiek@®yllamine (27.7
renmove insoluble matter. The filtrate was separated
mLi n¢ ol 9% gapl t waadaddedodsobayees atTheoor gamperkayer, and
was washed with saturated saline, then dried over
theRj¥EeEs Wagnesignedubpat 8, hoars time $olevedt fasteheing
distilled off under reduced pressure. To the residue,
OV N hy drftthtor | B act s et hiRo aperate “wasl ae+ bACEsI Ry
re was stirred at . roo

. dded dt 1 X _ ‘
£ P B sl B S e ot R R R el pa Ry lnge 2 ate mixed

soﬂ%éﬁflkgdobtain the compound of interest as a white powder

(Example 4) [(1S,5R,6R)-6~(aminomethyl)bicyclo[3.2.0]hept-3-
en-6-yljacetic acid (exemplary compound Nc: 1, optically
active form differing in configuration from that of Example

2)

“——CcoOoH




of f under reduced pressure. The resi due was suspended
in dichloronmethane. To the suspension., triethylam ne
was added dropwi se, and the resulting powder - was
collected by filtration, then washed with
di chl or onet hane, and then dﬁ 'ed to obtain the
conpound of interest as a white powder (105.8 ng,
28% . [0114] 74 (Example 8) () - [ (1S, 5R 6R
(4~z6- dné mottedhyl - BE1S, 5R, 6R) —6—
et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid
(ariexempt @y Y b conpound. No® ] 8¢pt83agnEbhyl]acetate
4- et hyl - 3- hydr oxyhept - 6- enoat e Sodi um hydri de (>63%
oi ITe*zt'GQltg’l S[S(L%B%Ofﬁ &fHs @dded to a tetrahydrofuran
solution (50 nL)_ of ethg 3- oxohexanoate (7.91 g, 50
(DAY S el D1 ¥ koot | Al 1 b Etrheemﬁrwéa@aé,augtupeg& 1,

. this state 10 mnutes. To the reactio
2l s*gl%fu%‘ﬁ ?ﬂ[wm h‘?uﬁ?%&véé MhExBABOS Ol aPPoﬂL 3ang
s .adde se,_and t re was
Watf%‘rt &7 § rrega %‘r C\erés %%%rp?“écg to@fﬂhjg g, 80.8
e I , =85 ded__
g pErend Mﬂ\%@“ %ﬁ%ée e R
anécﬁné-ﬂoylu§@dw$be§+fytégefo§tkrgegoﬂt ragak - heatl?g to

tenperature for 4 hours. To the reaction solution

refiek ochiortire atdLbw@inth a&ait &k £di agw aspl U iengofi61
amoni um chl ori de were added, followed by extraction

mmod t hwéls peeh afertibe etgan) cahdyehewas xvashedaw Elircher
saturated saline and dried over anhydrous nmagnesi um

stsut¢at epor ahdhohes sohdent hemasndi sbi klegduaf.f Timenixture was
reduced pressure. The obtained residue was dissolved

alloweghbpoto¢80 when Folvhedswlighi ensatuodicem agueous
borohydride (1.51 g, 40 nmol) was added under ice

SO%%Jr%go'*aﬁa tWe B cegPenaas e eéavilnackitatst apadf or

£ f 5 I %drochlorlc acid (50 ni) was added

1there otoahamoY lﬂ??%bpéewﬁ§téﬁrrred’?%rt%% bt htfase, the

Then, saturated
orgarnie 50 vcnL was distilled off under reduced pressure,

followed by extraction with ethyl acetate from the aqueous
layer. The organic layer was washed with saturated saline
and dried over annhydrous magnesium sulfate. Then, the
solvent was distilled off under reduced pressure, and the
residue was purified by amino column chromatography to obtain
the compound of interest as a pale yellow oil (5.5 g).
(4-b) [(18,5R,6R)-6-(aminomethyl)bicyclo(3.2.0]hept-3-en-6-
yllacetic acic

A 4 N hydrochlcoric acid-ethyl acetate solution (200 mL)
was added to tert-putyl {(1S,5R,6R)-6-
(aminomethyl)bicyclo[3.2.0lhept-3~-en-6-yl]acetate (17.¢4 g,
73.3 mmol), and the mixture was stirred at room temperature

for 4 hours. Then, the deposited powder was collected by



saline was added thereto, followed by extraction with
ethyl acetate. The organic | ayer was washed with
saturated saline and then dried over anhydrous
magnesi um sul fate, and the 6%olvent was distilled off
under reduced pressure. The resi due was purified
by silica gel columm chronatography to obtain the
compound of interest as a pale yellow oil substance
i qy 37 %btdExt urtes diydif ash evedders) . th8- bpmpound of
4- Et hyl - 3- hydr oxyhept - 6- enoi ¢ aci d Et hyl '
intertdtylas- dhydridey lreptdér enbat € ¢B. 64/q,a I:thymtg chloride
- _was dissolved in a 2 N potassi um hydroxi de- net hano
(3&bIME owsqum)or ariF t pletabned i brdnashsorifded
overnjght at room erature, Froir. the reaction
t”so#wlr%iﬁln% hbl%o% \I%Tm gk Iﬁ?si i W%da%@wuﬁa@pwlléeuéédroom
ressure. he resjdue, g sodi um
ddgd,

coR R o SONULT O (200SKE) YAt hahe PRFSwed nen
ag§¥hexéﬁgclé§ﬂhyﬁ%£ é%ﬁégyl %hg %g@eegqg§?§§%ng%lon The

made ‘aci add| i on Of “€oncen

obtly AL oghl ar i c. ‘ﬁa% d, under wE 1 C9g! éeganggggg)ﬁ'gﬁ B¥etrace

extraction w th diethyl er arn ani ¢
mik&Yesonasnashesd, i i h §H§u&@ﬁggun§a$fn§néggegE'%g QVRhite

anhydrous magnesi um sul fate. Then, the solvent was
powtisti g ed3off. under reduced pressure to obtain the

conmpound of interest as a pale yellow oil substance
[0IB114 g, <100% m xture of diastereoners). (8-c)

Tert-butyl ()-(1S, 5R)-3-ethyl bi cycl o[ 3. 2. 0] hept - 3-en-
(E6ampideheatetiat &S ASEL hot{3mhpdnekyépbibyenoilS .aci0d nept -3~

(3.13. g, 18.2 nnnl% was di ssolved in acetic anhydride
en(‘iﬁymj’“ﬁ"él@hieﬁis@l Yipoachlpotdssilairapetaye conpepng, No: 1,

mol ) was added, and the mxture was stirred at,

hy?ﬂ%h?%%ﬁb%ra?ur%h?oFOTEGuﬁFnategxamﬁé° Feéaction

solution was heated to reflux and stirred for 3.5

hours. To the reaction solution, ice water and tol uene

were__then added, and this m xture was stirred

over ght at ro$ﬂk

// ‘ COOH

HCI

T

- (5-a) [(1IR,5S,6S)-6-(aminomethyl)bicycio[3.2.0]hept-3-en-6-
yllacetic acid hydrochloride

Water (53 mL) and & 4 N hydrochloric acid-1,4-dioxane
solution (22 mi) were added <o (1R,5S8,6S5)-6- -
(aminomethyi)bicyclo{3.2.0]hept-3-en-6-yljacetic acid (320.2

-

mg, 1.77 mmcl}, and the mixture was stirred at room
temperature for 5 minutes. The solvent was distilled off
under reduced pressure. To the residue, 1,4-dioxane was

added, and the mixture was heated and then allowed to cool to



tenperature. The mi xture was separated into aqueous
and 76 organic |ayers by the addition of saturated
saline (50 nmL) and toluene (20 nlL). Then, the organic
| ayer was washed with a 1 N.aqueous sodlun1hydrOX|de
solution and saturated salife in this order, then
dried over anhydrous magnesium sulfate, and then
filtered. This filtrate was added to a reaction
rogol temnper Prepar ediyy edi g spdhawniday ded dec O 266 08 | by
: 761.9 ng, 20 nmol) to a tetrahydrofuran solution (50
f¢ht§aoiomerFhannanathmuhnu¥ﬂh0Gphowy$he©taten(ﬂ 48dgoxane
20 nmol ) under ice cooling, and the m xture was
an@ur@%%rd%&?@r%@ PBEainhpe . CTHBOUREAEL GRTtSTlEti 65 Waghite
?%ﬁ i nto agueous and organic |ayers by the
po% ot t Oc@ TS saf 4f at ed aqueous sol ution of anmoni um
th%pr|de and saturated saline. The aqueous |ayer was
jected to extraction with ethyl acetate. These

SEANLCE| VPLR, UeT 65 OB DRS, LDERAGIISA 2 o1

saturated Fié

enTBOpESLi LM syl fal g. bgngmn§Q%Y?EBa%@eS|%%hbﬁg§@ %fRPounc No:

under” reduced pressure, ue-was
1, byesibhea. O8bngOLUBR GRHLOABLOGLARNY <t @ qkhal Bt he

conpound of interest as a pale yellow oil substance
(1.32 g, 31% E/Z mxture). (8-d) Tert-butyl (() - [
(1S, 5R, 6R) -3-ethyl-6-

(ni tgonet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetate

Tert=butyl &=TN, 57?) - 3-et hyl bi cycl o[ 3. 2. 0] hepr - 3-en
> |deneatetate (1.32 g, 5.63 mml) was dissolved in
r _itnomet e (7 n&ﬁﬂ To the solution, 1, 8-

di azabi cycl dec-7-ene (1.2 nL, 7.3 nmmol) was
d nd the ntxture was heat ed Mﬁth stirring at 50

to GQC for 7 hPh8G;H The mi xture was allowed to cool,
and g saturated aqueous sol ution of potassium

di hydr ogen phosphate was then - 77 added thereto,

fo'!f&%%%LQMSﬁXéI?§$i88m¥{ﬁ§hﬁ%fg§cfg% §E?O]hept—3—en—6—

yllacetic acid (152.2 g, 391 mmol) was dissolved in 2-

propanol (7.5 mL) and water (2.6 mL). To the solution,
benzenesulfonic acid monohydrate (305.2 mg, 1.73 mmol) was

then added, and the mixture was stirred at room temperature

Hh

or 5 minutes. The solvent was distilled off under reduced
pressure, foilowed by further azeotropic dehydration with 2-
propanol. Then, the residue was washed with 2-propanol to

obtain the compound of interest as a white powder (260.4 mg,

55%)

[0213]

(Example 7) (Z£)-:(1S,5R,6R)-6-aminomethy>-3-
methylbicyclo[3.2.0}hept-3-en-6-yllacetic acid (exemplary

compound No: 4)



Then, the organic | ayer was dried over anhydrous
magnesi um sul fate, and the solvent was distilled
of | ": under reduced pressure. The residue was
purified by silica gel colu chr omat ogr aphy to
obtai n the conpound of infer'est as a colorless oil
substance (1.39 g, 84%. (8-e) () - [ (1S, 5R 6R
- 6- am nonet hyl - 3-
(7T-et)hydgileylc | ofBe2h 9] hept y@=eryBeptdeehbataci d
Tert-butyl () - [ (1S, 5R 6R) -3-ethyl-6
( niSodgmat Mdmidsy c>d33. 210 hebt648-@n- 63yl avet A} ewsd d. 88@ded
g, 4.71 nnnl% was di ssolved in ethanol (10 nL) and
O vt @t (I YAT9turay $helsePut i 8A, My opfpBateyl( 3-32 g,
23.5 nnDL% and ammoni um _chloride (249.6 ng, 4.71
OXQRAI§2RRA & abidet! Ande Y he WRRLUr BRAGEs 166 FPedingr 2nd the
. hours under heating to reflux, TEe m xture was .
ML onetft 0° toof S9 ¢ hent 4t F uf 63 T i ﬁrséﬁupépéae§aliﬁ%,“%e
- t us_s | op_of _sodium-bi,carbaonate, -and
T ST I SR R SR oo Te8rS Penfieon
ZSJQSQinA?.1nﬁﬁéff'wgbeaéﬂé&rQ#EDW@ﬁeseBﬁﬁaEﬁg W ure was
organi ¢ and aqueous | ayers. e ofrganic | ayer was

suMasdieds i the gat¥r ai @dnsaht 88 nwand-t hea dolbedn@verrhen,
anhydrous nmagnesi um sul fate, and the solvent "was then

aldystibtdecdef {Sundeg, redutednplessdeeadlied thereesi dued the
a 4 N hydrochloric acid-ethyl acetate solution (20
mixtyreasaadsedrraqadit hehis Xxsuaeewds rsBior meduaksr @A then
tenperature for 1 hour. Then, the solvent was
fugiker | $etrvéd ouamdeighedatedopmessmperatheer.esidueheas
suspended_i n dichl oronethane. To the suspension, '
re3 ¢ ephyPahitheChas! atideddr aEBpRiFs €, agnd ene sesulreiteg saline
pomd I s_collected by filtration, then washed with
WeIk cHiOFOonet RaneWedntY t RERT8FFeQn- WiEh Cdesbyai eibgs . The
conpound of interest as a _white powder % 25.1 nmg,, . .
o G305C 1135 "It ERBRDPE b o) "o pRCTES S8R an6 hiec over
anﬁ?@P@ﬁQY$é§ﬁesium suifate, and the solvent was distilled
0off under reduced pressure. The obtained residue was
dissolved in methanol (100 mL). To the solution, sodium
borohydride (1.89 g, 50 mmol) was added under ice cooling,
and the mixture was stirred in this state for 1.5 hours. 2 N
hydrochloric acid (50 mL) was added thereto, and the mixture
was stirred for 30 minutes. Thern, saturated saline was added
theretc, followed by extraction with ethyl acetate. The
organic layer was washed with saturated saline and then dried
over anhydrous magnesium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel column chromatography to obtain the

compound of interest as a pale yellow oil substance (5.72 g,

85%, mixture of diastereomers).



-propyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetic acid
(exenplary conmpound No: 9) (9-a) Methyl

4- propyl - 3- hydr oxyhept - 6- enoat e Sodi um hydri de (>63%
oil, 2.09 g, 55 mmol) was added to a tetrahydrofuran
solution (50 m,) of methyl '3-oxoheptanoate (7.91 g,

50 mmo | ) under ice cooling, and the m xture was
stirred in this state for 25 mnutes. To the reaction
(7-40| W-iMathn-Buthdigdyher{1658ndibexane sol ution, 34.8
m.,, 55 mol) was added dropw se, and the m xture was
f uMeRay lstirmeddy o iy drnryhepter 6o aonl [ 1g72 Then33.2

allyl bromde (4.7 nL, 55 mmol) was added thereto,
MO e HiSGUreedhakh st i ¢ redePhasshis Bydarexfde-mehbanol

and then further stirred overnight at room .
SOLEistt atft &L To AMHe FRACEPORTEBRUVRBNSTArRed overnight at

hydrochl oric acid and.a saturated agueous solution_ of
roogymfoeﬁ?puerﬁacwroer'i dé T Merd addRaf, “¥ 9 I%ﬂ(/]aéb”w'ex’%fﬁ%ﬁ?bﬁent

waswc{irétej!lqy d ﬁ %ﬁdejgfedgéggm lqelsgl g%r\gﬁio \;g%%:gﬁa%mﬁﬁge, a

saturated saline and dried ove an

1 wWdatss andiibe V&R dé‘@éoghﬂbh'&gs pLE,undar

reduced pressure. e obtai ned residue was dlssoFVed

follbwead W@Xt{@:ﬂ&nwi@qtage§g yt é@H SOdi‘Né‘n - lave
bor ohydride (0.61 g, 16.1 mmol )&vvas a%l(rjed under i ce . oYSE

wastoadangiciding Bhecmd xdddec Wes 8Ei £b8EehBrhbbs Bl@t8chloric
for 1 hour. 1 N hydrochloric acid (50 nL) was added .
acitcherretay, jared ¢dwel Mgt ufellwmsdsbirertdriotidf winut @Sechyl
Then, saturated saline was added thereto, followed by
ethed ragaion Wineh cerdapliadetyte. wahevasiydl wigansatbayeed
was washed with saturated saline and then dried over
Sa ladify il S HieRfh eV o 3wl Yareusandonheisol sehfamas Then, the
distilled off under reduced pressure. The residue was
SOLNFT T i L S0 R coNdAn ERABRAEOBFABRYIEOtELPRIAL
. the conpound of interest as a | e e&LIowoiI o
ERgy Osntlpacﬁlt) (& lelmg‘?r“%%oﬁsn?xﬁ’ﬁﬁ © fxiﬂ aSt8PEBREFs) 2- 21 9/
2 ) A O 5 85 ydr oxybeRy - 6- enoi ¢ aci d
(7-c) Terz-butyl (#)-(1S5,5R)-3-methylbicyclo{3.2.0)nept-3-en-
t-ylideneacetate |
4-Methyl-3-hydroxyhept-6-enoic acid (2.21 g, 13.S mmol)
was dissolved in acetic anhydride (14 mL). To the solution,
potassium acetate (3.29 g, 33.4 mmol) was added, and the
mixture was stirred a:t room temperature for 2 hours. The
reaction solution was heated to 110 to 120°C and stirred for
3.5 hours. Tc the reactiorn solution, ice water and toliuene
were then added, and this mixture was stirred at room
temperature for 1 hour. The mixture was separated into
aqgueous and organic layers by the addition of saturated

saline and toluene. Then, the organic layer was washed with

a 2 N agueous sodium hydroxide solution and saturated saline



Met hyl 4-propyl - 3- hydr oxyhept - 6-enoate (3.24 g, 16.2
mol ) was dissolved in a 2 N potassium
hydr oxi de- met hanol solution (16 nL), and the sol ution
was stirred overnight at _r tenperature. Fromthe
reaction solution, the solvelt was distilled off
under reduced pressure. To the residue, a 1 N aqueous
~sodi um hydr oxi de solution (150 nlL) was then added,
+in ftélﬂISov@eIdy Shrermcdibad wrdr daehh@lroeb‘hmagn?éheumqsefnma Te,
| ayer was rrade acidic by the addition of concentrated
an%fd’r%brﬁloﬂ%re%m durfd el ilde tevoiahgadded | baed bgaction
traction Wq‘:fg di et hg et her again. The organic
solth P¥i FRASRE LP At edm SHFFASSarid Sdfi edlovER3. 3
Then, the  solvent was

| f
mg'dﬁsIdCI"“S R e S e
I I bst a
o BB A i oo gl 1o foes) eE R $5%unces
icel I A4S 2 3. hept
eﬁJqugyglyde%%%((:et a??ﬁf’?%ﬁ@%g ?Iﬁl%r ox % %rg]deggl c§'

howtd d (Be7%e@cthrd JBMI; rINa,@aéilsSé@éyg n; At
Oanhydr| ge (el?? m.) To thelosol ution, po?%gsfﬁﬁwga%: tate and

ordshin? hysds bymohe ¥agiaddedor ansEQ@rﬁkéHUé%u@@ﬁs

stirred at roomtenperature for 2 hours. The ‘reaction
solsdlidgn ot vesndreatredchbo2P2@E and stikufedcbosaliheur sthe

80 To the reaction solution, ice water and n-pentane _
aqueres thmrer agdedsuapdcthdst oi gkurecwasnstiithedthyl acetate.

overni ght at_room tenperature. Saturated saline was

ThegRiF facret LAY QRY VRES apRbuRedwashsepweshed watb

.aqueous and organi ¢ |avers by the addition of
Saﬁ*ﬁeﬁﬁ%rﬁfl%\eﬂ a‘P‘FIetB?@a‘ﬁIfétea?@?”vvé@h\bﬁ§ﬁéé MAORRSAUM

aqueous sadi um hydr oxi de. sol tlo sat ur at ed
SulfaaI“Ien %ﬁl tr? SN e i BtV e %ugeduced

dth | t th distill

P9 under e U%Z%gsﬁ(?‘g%sﬁ?g B‘?’ﬁ\égaég S \?IES’CB: §§ IGE umn

chfcﬁng@a 0{&"819 £50 tﬂg) asmsoaﬁbuto'coqnv&@e%%ded LO%aie
areac i On so utlon prepa -

yellow o0il substance (1.21 g, 40%, E/Z mixture).
(7-d) Tert-butyl (£)-[(1S,5R, 6R)-3-methyl-6-
(nitromethyl)bicyclo[3.2.0]hept—3—en—6—yl]acetate
Tert-butyl (z)-(1S,5R)-3-methylbicyclo[3.2.0]hept-3-en-
6-ylideneacetate (1.21 g, 5.50 mmol) was dissolved in
nitromethane (7 mL). To the solution, 1,8-
diazabicyclo[5.4.0)Jundec~7-ene (0.91 mL, 6.0 mmol;) was added,
and the miIxture was heated with stirring at 50 to 6C°C for 6
hours. The mixture was allowed to cool, and a saturated
agueous solution of potassium dinydrogen phosphate was then
added thereto, followed by extraction with ethyl acetate.
Then, the organic layer was dried over anhydrous magnesium

sulfate, and the solvent was distilled off under reduced



i n advance by addi ng sodi um hydri de (>65% o0i-, 761.9
ng, 20 mol) to a tetrahydrofuran solution (50 nL) of
tert-butyl di met hoxyphosphoryl acetate (4.48 g, 2C
nmol ) under ice cooling, and the m xture was further
stirred for 1 hour. The Tedétion solution was
separated into aqueous and organic |ayers by the
addi tion of a saturated aqueous solution of ammobni um
preebBheki.deThadrsat inat @dssalirA€iethevaguaaus l@yerco Mas
subjected to extraction with ethyl acetate. These
chromgapige abayert wire iconienethmibdiend vas hixck svbddr as a
saturated saline, and then dried over anhydrous
colpadresi @fhls HUmeanCEhel 1 .Sd1 \v@ent7 4. distil | ed of f _
under reduced pressure and the residue was purified
(7-By §Slelritcdugall cat)umn IchrSdvedRigr @pdnyd nome oy at 3t he
compound of interest as a pale el l ow oil substance
methylet cycledor - &/Z B uren —fod)agetatdutyl () - [
(1S, 5R
(nFFFBn@PFYﬁ)Br&y&Ie%35§ @Fﬁeérm?%ﬂka%ﬂ]acetate

nl%:[)t % V¥L| () ycalen@ace?)a]theizg gpel_g_ﬁc/:%glo Fye vvég L2 g,
3. 9@'§§QLMe%é§1dl & rﬁT@%iﬁﬂgT(ZZ@tﬁb TQn&th,%r (10 mi.; .

tion - az I cyc 0] undec ene

To E0e? SAMIDiNAS Added,owdnd thes M Xxhyre1vas heat edamit h

stirring at 50 to 60C for 8 hours. The nixture was
ammdliewe EH1e e , (AN, R 8@t UR ad ednaguponsrsohdEta@n 8hd the
potassiun1dihydrogen phosphate was then added
mixtthereetwys faoldoned fry- exXtit@cts oanakt hhebdbyhgatet aé€lux. The
Then, the organic |ayer was dried over anhydrous
mixragreesiammea subied efo amaot hetseh véntuthad dishi bhkedraféd
under reduced pressure. The residue was purified by
Sa—gmqrcaa FAT WA UaR acke ot dgEaphynt of oppdiwmt hecarbonate,
onmpound of i nterest as. a colorless oil _substance

and(za~2“zflg 2GR Te (R 1(3; T%&%ﬂsmewgb afihbfrefAyFemove
1n5porloLP3/l|ebIIr%/ |Q[3 ZTnv T Lra;een & lgggaetallfegcwjrgto organic
and aqueous layers. The organic layer was washed with
saturated saline, then dried over anhydrous magnesium sulfate,
and the solvent was then distilled off under reduced pressure.
To the residue, a 4 N hydrochloric acid—ethyl.acetate
solution (5 mL) was added, and the mixture was stirred at
room temperature for 1 hour. Then, the solvent was distilled
off under reduced pressure. The residue was suspended iﬁ
dichloromethane. To the suspension, triethylamine was added
dropwise, and the resulting powder was collected by
filtration, then washed with dichloromethane, and then dried
to obtain the compound of interest as a white powder {(105.8
mg, 28%).

[0114]



Ter t-butyl () - [ (Is, BR 6R) -3-propyl--6
(nitronmethyl)bicycl o[ 3.2.0] hept-3-en-6-yl]acetate
(1.09 g, 4.71 mmol) was dissolved in ethanol (10 ni)
and water (5 nL). To the sgl ution, iron powder (1.32
g, 23.5 mol) and ammoni um éhior i de (249.6 nmgy, 4.71
mmol ) were added, and the nmixture was stirred for 2
hours under heati ng to reflux. The m xture was
(Exdrimoleed8 t o(xoo] (11 Hem, €ht)B-ethimdhesiayrated saline, a
sat urated aqueous sol ution of sodi um bi carbonate, and
ethstligAcyaketat 2, 0 Hmp¥iJtaree- yhiauehiCebtie toxemphaey
i nsol uble matter. The filtrate was separated into
CO“&?C@'H?ﬁlcN%md hqueous | ayers. The organic |ayer was
d wth aline and then dried over
yfg I3)3\(1}45 %ﬁéﬁ %%ﬁ?%%hn%haﬁﬁ@oag@ vent was then
di t| Ied of u der educed ssure._To the residue,
} rné'c S ¢ Ae doé‘t%'hyPZr:chetgat es%dﬁ‘rﬂﬁ}rbnwa? opddéd to

t d.at 82
é t"lé—_)r nper ture ? a%[gjjhour T eﬁrl% Wzgég L%ﬁ agxgggg‘anoa“
(7 0515t<j| | o6l @hd1) undes rfgém@cgop{ﬁ%su%ﬁd JhE &E%%QHS Vaz

suspended i n dlchloronethane suspensi on

stiiFiel hyh amhne vestadded 10repMie8s . ang the fleééléﬁié‘zg
powder was collected by filtration, then washed wth

soditcihboy omeshrane] i emdut hen. 58 | 1 dhe konobtal B tB8, 34.8 mL, 55
conpound of interest as a white powder (425.1 ng,

mmaR3%wa $ 0ddédd dExwpse, 14)d (Yhe hikdSre5Ras6Ruirther stirred
- 6- am nonet hyl - 3- _
fomutYImieyeed] 3de D] hes )toQl &ng 6- yiemwetd cl @eibromide (4.7
(exenp Iar%/ conpound Nc: 10) (10-a) Methyl
mL,4 %ﬁ IR Bl hyRlF ox§de ~arrred e 2- Ay hexmhatufd. wosgstirred
Chem 46, 1980, 5250) (5 g, 33.7_ nmol), nethyl
in bq'rb]rﬁ)a%%?ﬁ?e ?3.%7 mur@n%%ﬁn SRatBeRcSERIBRY, atqcoom

added to t t dr of 30 d
te BNl O B & L o S A (R S gillh, 1w

hy&%égﬁfg§£¥ §Ei5r§gd-ghggturated aqueous solution of

ammonium chloride were added, followed by extraction with n-
'pentane. The organic layer was washed with saturated saline
and dried over anhydrous magnesium sulfate, and the solvent
was distilled off under reduced pressure. The obtained
residue was dissolved in ethanol (80 mL). To the solution,
sodium borohydride (1.51 g, 40 mmol) was added under ice
cooling, anc the mixture was stirred in this state for 2
hours. 1 N hydrochloric acid (50 mL) was added thereto, and
the mixture was stirred for 30 minutes. Then, saturated
saline was added thereto, followed by extrac=ion with ethyl
acetate. The organic layer was washed with saturated saline
and then dried over anhydrous magnesium sulfate, and the

solvent was distilled ofZ under reduced pressure. The



the reaction vessel was placed in an oil bath and

heated to 70C, and the m xture was stirred for 2

hours. The m xture was allowed to cool, and glycerin

(20 nm.) and-a saturated aqueous sol uti on of amroni um

chloride (100 nL) were then’>added thereto, followed

by extraction with ethyl acetate. The -organic | ayer

was washed with water and saturated saline and dried
regivare ardsy drnoust edyiesi a0l sodk fegd . cdhenn theomsobyeabhy to

was distilled off under reduced pressure, and the
obtaigi difee vemngrund @l byter¢escaaged palanmellow oil

chromat ography to _obtain the conmpound of interest
sulysii 3R er |%rrﬁ3ﬂ¢u@9X%%r% ofoPbrPESEeOMErSUbSt ance

(6.8 940) (10-b) 4- AII 3- hydr oxyoct anoi c acid 83

STﬁﬁlﬁﬂ QPXﬂTiﬂbﬁp %&9%0 aﬂ%%%e ?Glé g, 31.7 nmol)
wa dlssolv OtaSSI drOX| e- met hano
sol %n‘l(fr} an %bY ’?Véles%w %% égr?‘lle‘él' 18.2 mmol)

wa@vﬁiggéﬂge&u o &:ﬁ@ﬁgg%y%ﬁ h%ﬁ?ﬁ&?ggthgghggla;ioegtion

was concentrated S

(16 thr e tfygg{roc ﬂ[r% éay@eygn @9]& ugwer gﬁle Ldig zopm

usi ng h ric acl Iomed rac i"on W

telbdyhr@cet at@onT%ar%u&A@yﬁlmm&meﬂ s¥{bnt was
wat er and saturated saline and dried over anhydrous

dismyghesd Wi Subfiaée. rdbededt beesohvent mastiestésledeofé 1 N
under reduced pressure to obtain the conpound of
aguades estd asm anydrdxidebsbanceor 6009, mBO) wasl xhehhiagided,
conpound was used in the next reaction w thout being
fopupvéildey €40rgfcTentwhthydiethyl ether. The agueous layer
- éls SR) - 3- but yl bi cycl o[ 3. 2. 0] hept - 3-
Wagnmage yi¢Hehe] bléc%]ﬂ%t édsa\—msz@dOSor:erp@nt@ﬁbea hydrochloric

4-al | yl - 3- hydr ox octan0|c acid (6.0 g, 30 nmml),
achdt RSP Tint Ge et AP £ 19: 4191 %eﬁnem eX§R@Chden with diethyl

ot thdrlgg (3&} 1_)f_Fwas stirred at roon&tenge{ature for 4
2°hotP 8" and thetr FHHT etf ¥or PP hotF S andet theffurrate
safbﬁerggﬁtapfeﬁsgkgglgpr@§oplaﬁggngswu%es%n%a%%trr?hen, the
overni g t

solvent was distilled off under reduced pressure to obtain
the compound of interest as a pale yellow o0il substance (3.14
g, <100%, mixture of diastereomers).
(8-c) Tert-butyl (£)-(1S,5R)-3-ethylbicyclo[3.2.0]lhept-3-en-
6-ylideneacetate

4-Ethyl-3-hydroxyhept-6-enoic acid (2.13 g, 18.2 mmol)
was dissolved in acetic anhydride (15 mL). To the soiution,
potassium acetate (4.27 ¢, 43.6 mmol) was added, and the
mixture was stirred at room temperature for 100 minutes. The
reaction solution was heated to reflux and stirred for 3.5
hours. To the reaction solution, ice water and toluene were

then added, and this mixture was stirred overnight at room

temperature. The mixture was separated into aqueous and



reaction solution was subjected to extraction with
ether. The ether |ayer was washed with a saturated
aqueous sol ution of sodium bicarbonate and saturated
saline and dried over anhyd; us magnesi um sul fate.
Thi s ether solution was added to a reaction solution
. prepared in advance froma di net hoxyet hane sol ution
(30 m.) of methyl test-butyl-p,p-
Orgiamet hyd phosphynbheetdtieét(3n8 of, s3% urmmled and isedi (B0 mL)
hydride (>63%ooil, 1500 ng, >35 mmol), and the
angi ke Lirenaas28t k) ed THeR, 1t BehongsniTolekerr sast washed with
ol ution, a saturated aqueous 84 solution of amoni um
ih‘ﬂ o?%%ou%,aFaF‘éP@dﬂé’aFPﬁéOeaﬁ@JWa{l@rr anest sagdyeddch saline
i S ord Q&rthg reaction solutjion was subjected
me?a?ﬁ ?r on"HPEN LR CYEEt APEY IR o Mgaias Lumymarl fate,

rled over .an dr ous. nesi um sul fate and then
an¥ﬁftered‘lTﬁg “gol v %fsma%fagﬁFrIWEE gPfednder 2r egacedon

sopue§§Hr§re§QgeEhS Sabdﬂg WA S YT i f &ﬂ{&@/ i?g%hgsl761-9

col umm ~ chr omat og obtain the compoun

mg'ni@rﬁﬁélﬁsté Qak@*rXEQBQW %&In %?ﬁkﬁ?&%ﬁé% (%fe*t—

E/Z mxture). (10-d) T

but 3t baiyb: ﬁoxyphospnor lacetate (4.48 20 1) er j
ni tromet hyl bi cycl o[ 3. 2. 0] hept - 3- en 6- ;ﬁ]ace€g¥% f¥%3 T oiee

cotlithe, cenpound m4x8ugp 1458 rmdine Was iohta] Ted as rfhr. The
oi | substance in the sane way as in paragraph (1-c)

re@gthgn servtbahylas separated into agueous and organic
(-)-[(1S,5R) - 3-butyl bi cycl o 3. 2. 0] hept - 3- en- 6-

layergehe] bleet adeitdo8 gf 26s4tmyelited (Etlree)usTerdluiitod of

ert - o
amfésﬂ%%%a%%wﬁnﬁﬁé) FREHYRESChsalliticcy cTbp3aguepheplager

_-en-6- yl]acetate The title conpound (3.63 g, 63% was
“a%bf‘é%%ig %@ E\ﬂ SFFra%B@PaWéeh ¢ Sty ma&eﬁy aghpge-

orB2A 0" 3D L2 L UsLAGLRLl, R Lored WD SR8y
saméor@%aym{e;}ya&%é vl Q%%tydro%”s L L U
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography to
obtain the compound of interest as a pale yellow oil
substance (.32 g, 31%, E/Z mixture).
(8-d) Tert-butyl ((£)-[(1S,5R, 6R)-3-ethyl-6~
(nitromethnyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate
Tert-butyl (£)-1(15,35R)-3-ethylbicyclo[3.2.0]hept-3-en-
b-ylideneacetate (1.32 g, 5.63 mmol) was dissolved in
nitromethane (7 mL). To the solution, 1,8-
diazabicyclo[5.4.0]undec-7-ene (1.2 mi, 7.3 mmoi} was added,
and the mixture was heated with stirring at 50 to 60°C for 7
hours. The mixture was allowed to cooil, and a saturated

agueous solution of potassium dihydrogen phosphate was ther



(10-f) (-)-[(IS, 5R 6R)-6-ani nomet hyl - 3-
but yl bi cycl o[ 3. 2. 0] hept-3-en_-6-yl]acetic acid The
title conpound (1.5 g, 709% was obtained as a white
powder in the sane way as_jn7pa[agraph (3-b) using
tert-butyl
()-[(1S,5R 6R)-6-(tert-butoxycarbonyl am no) et hyl - 3-
butyl bi cycl o[ 3. 2. 0] hept-3-en-6-yl]acetate (3.63 g, 9.1
adgmd| jhegsto, [£011gwed PExamplectipn with ethyl acetate.
)-[ (1S, 5R 6R) - 6-am nonet hyl - 3-
Them ook bpyPbeeyer ol @ver oyheptirdednofeyl pabetirouacirdgnesium
(exenplary conpound No: 11) (11-a)

SUDL'sHprdpY| pent a1 BRAT| WBP ety 1960 eXiFdandes. Tedmced
263.3 .) was added dropw se qver 15 mnutes to_a
D= B oM (D50 119 DUk L FONOB S okbFF canei 801 o
hloride (17.30 136. 3. mmol ) cooled, to -78C, and
ch %9%9%¥%é%y S ?%EﬁlgtFP?e&OQPopfgcoﬁoFnigreﬁFn@Feé.

bsegue y di chl orenmgthane o(,45 nL) sol ution of
CO%%%EB%%O%% p%ﬁ?§ﬁ%gﬁ%lféfd%l f38gjﬁ'88.1 mmol ) was

(B%éi)d-;egi)gg\gpgvj 58 gﬁpiglgm%g%eggﬁi_ggt es, and the

xture was stifred a 1 hour. Trie-hyl anmi ne

etH PPoABy 8106362 70 "HBh) - vas-added ;di-epwW ge;lhereto over
5 mnutes, and the m xture waS then stirred at room

t enperstiirey T or+)2- hous S5R,ToR) MEXEURe1-was neutral i zed
with 2 N hydrochloric acid (320 nL) The organic |ayer
(nivesome tedl bvecyahbydr dud ] magnesSi-em-sulyflabectathenl.the g,
solvent was distilled off under reduced pressure to
1. bbtEnal a yer| dwseplvedbsnarsbaas la (FCx ) e acdnwaiteirng 5 mL) .
the conpound of interest. This conpound was used in ‘
TO tHee neRtUT+eBct LBANWPPHEEE Béi-Rg fur £Ref poeildi edc ammonium
t hyl g-h droxy-4-i sopropyl hep--6-enoate The .
ch -{%%%r oy pén?¥4-éngp BBPai n&§ Tien 3pi4edyr apR CDE- A)ixture
nd. net hyl _brogoacetate (,16.18 q,. 105.8 mol) were
wad S%%FE%X for Hogours unger eé%lng to reflu&. The mixture
pre
was allowed to cool, then diluted with saturated saline, a
saturated aqueous solution of sodium bicarbonate, and ethyl
acetate, anc filtered through Celite to remove insoluble
matter. -The filtrate was separated into organic and agueous
layers. The organic layer was washed with saturated saline
and then dried over anhydrous magnesium sulfate, and the
solvent was then distilled off under reduced pressure. To
the residue, a 4 N hydrochloric acid-ethyl acetate solution
(20 mL) was added, and the mixture was s-irred at room
temperature for 1 hour. Thern, the solvent was distilied off

under reduced pressure. The residue was suspended in

dichloromethane. To the suspensiorn, triethylamine was added

Pl

/.

dropwise, and the resulting powder was collected by

filtration, then washed with dichloromethane, and then dried



into a tetrahydrofuran (25 nL) solution. An aliquot of
approximately 1/5 of the anpbunt was added to a
trimethyl borate (25 nlL) suspension of zinc powder
(6.92 a, 105.8 mmol). The n’%ture was heated to 80C.
Then, the remaining solution"86 was added thereto
over 30 m nutes; and the m xture was then stirred at
80C for 2.5 hours. The m xture was allowed to coo
to avbtgiycene n¢@bpothd afsahueated agueoys: &@lﬁbw@Bv0f42: 1
anmoni um chloride (25 nmL), and diethyl ether were then
mgadééd) - t hereto. The obtained organic |ayer was dried
over anhydrous nagnesium sul fate. The sol vent was
OH+§1|IIed of f under reduced pressure, and the residue
furlfled by silica gel colum chromatography to
E%ﬁ@% B ?he(EbnpbuRdSBf 6Rht eremtnaseahyyelBtow oi |

pr%p¥§%$g§§l§%$ g Pgﬁf9ggéﬁF-é}ég il @C]GiL¢ ACAidN (exemplary

m hydr oxi de- net hanol sol ution (200 ) was
co@%&@%éto a %gthanol (132 m) solution of nmet hy

s S

t enped Al 8, 401 4 3 Dot s 3 Theo sghvent ¢ L's LLI .
of f underrﬁéduced pressu?% To thesresf\é\ﬁéog &%L gg“ﬁd ko

a déethylaebheramesgltbepnaqddedy;and <t he-agueaus,
was neutralized with 2 N hydrggﬁlorlc o oo XOdgg%anoa €

(7ebhey, Was madded thééetmceaﬁdoﬂh@gorg@@|%h@aﬁﬁ&tW@% was
dried over anhydrous nmagnesium sul fate. Then, the
stspre@ninwasigi statkedorofp midereseduTtedtheessyeeibn
obtain the conpound of interest as a brown oi
sokybsPance-pully1dighiomoyl. f81Mdhexane solution, 34.8 mL, 55
@% (1S, 5R).-3- |sopropylb|cyclo 3.2.0] hept-3-en. -6-o0ne
mm iagéﬁuﬁg%%%tgr@bwlaeooagd 2 Migyoire was dddedietro stirred
acetic_anhydride sol ution_of 3-hydroxy-4-

foTs%p?%B§lH%ﬁ? GlﬁﬁoFeggepa (1ﬁh§@'g?l§916bﬁﬁﬁF§° éﬁd7 mL,

t m revm55|rrd at H@ tmmmaunefm
55H@ﬁ?lan§ h%%dv%tuﬁrﬁa St $36CH6r M3 XE UGy MES ?ﬁér'ec in

thik XEHE B WAS T § e Rd g%hh hen further stirred overnight at

room temperature. To the reaction solution, I N hydrochloric
acid and a saturated aqueocus solution of ammonium chloride
were added, foilowed by extraction with ethyl acetate. Thé
organic layer was washed with saturated saline and dried over
anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure. The obtained residue was
dissolved in methanol {32 mL). Tc the solution, sodium
borohydride (0.61 g, 16.1 mmol) was added under ice cooling,
and the mixture was stirred in this state for I hour. 1 N
hydrochloric acid (50 mi) was added thereto, and the mixture
was stirred for 30 minutes. Then, saturated saline was added

thereto, followed by extraction with ethyl acetate. The



ice water, followed by extraction with diethyl ether.
The 87 organic | ayer was washed with a saturated
aqueous sol ution of sodium bicarbonate. The organic
| ayer was dried over anhydrous magnesi um sul f at e.
Then, the solvent was disfil/Ped off under reduced
pressure, and the residue was purified by silica ge
col um chromat ography to obtain the conpound of »
ordaiiey aslyeas vy eld Ve @i ki SUbSi 6REL- £6. §20ind4Qhd then dried
(11-e) Tert-butyl
ovey riSirsR)s rd ooy | bitiat o] 3aR2c 0t hepsolvent was
3-en-6-ylidene] acetate (E/Z m xture) A
di stetirlgty o wrate( Iedided gpue souref tHid -tedydue was
di met hyl phosphonoacetate (3.70 g, 16.5 mmol) was added
PUGreM S @&l I0GHvEs Ll 200 himut eBrematogeephliytipobbrann the
(15 nL) _ suspension of sodium hydride (0.68 g, 63%
COMERWdnt] JLNLSHRFT the #iRILF eV M85t Pi £ eduBbTOECEON 3284 g/
33gﬁ nut%§HFIo his _solution, a tetrahydrofuran (15 ni)
ol G oY J (s BRere)

o_3- I.bicycl 3.2.0] hept-3-en-6- 2.25 g, 15.0

(/{%ﬁﬁﬁggééﬁ?%ﬂﬁﬁﬁ?éﬁ%ﬁM$% ng_%%Pgee?cggen§nutes? and
th e St 1 nte 2 .
o e P 5 2P e 2

mmdy) Gxdd agtd am wid hidi gthyk sLhgEsiudhg 8582%%—%@%% ol
I¥Me. he ﬁ

was dried over anhydrous mEgnesi um su n, the

solspl Mant (Masnch stdhd edhof soundesnr pdyced: preasdkernidhd ax
the residue was purified by silica gel colum

roahromiagaphy. t Cra aime thes comrousnsh ©f 1 oM eflest s@svent
yell ow oil substance (3.00 g, 81%. (1" -f )

wasTetisthutydd (Q£f= Indds, r&Ric6R) prbss(net r et tivé Yesidue, a
i sopropyl bicycio[3.2. 0]hept-3-er_-6-yl]acetate

1 Nreggqugrpmy/|sodium hydroxide solution (150 mL) was then added,

( -[(1S,5R)53-isppropy[picgclo&B.Z.Olhept-B- .
fo]ef?-vee-@l%e‘ﬁéqfa%%wa@fé F8-00dgetal1eRiBr) WhRS drEgePvRdlayer
in gjtrp t hane go niI,LZ. To the solution, 1,8 88
was RS AT o7, #10] AHALEL 9eRS £InoEh T EELs ivRsTFRLoric
ac%@suféggﬁkce cooling, followed by extraction with diethyl

ether again. The organic layer was washed with saturated
saline and dried over anhydrous magnesium sulfate. Then, the
soclvent was distilled off under reduced pressure to obtain
the compound of interest as a pale yellow oil substance (2.79
g, 92%, mixture of diastereomers).
(9-c) Tert-butyl (x)-(1S,5R)~-3-propyl-bicyclio{3.2.0]hept-3-
en-6-ylideneacetate

4-Propyl-3-nydroxyhept-€~enoic acid (2.79 g, 15.C mmol)
was dissolved in acetic anhydride (13 mL). To the solution,
potassium acetate (3.52 g, 36.0 mmol) was added, and the

mixture was stirred at room temperature for 2 hours. The

reaction solution was heated to 12C°C and stirred for 3 hours.



and the m xture was stirred at 60C for 5 hours. The
m xture was allowed to cool, and a saturated aqueous
sol ution of potassium di hydrogen phosphate was then
added thereto, followed by extraction with
di chl or onet hane. The or gani g0 Tayer was dried over
anhydrous magnesium sul fate. The " sol vent was
distilled off under reduced pressure, and the residue
To vwas peectied bylsidicy dele chrtmtagt aphyetcamdt@éne then
t he compound of interest as a yellow oil substance
addéd, 0@ng, th88Ymixtiireg)wakerdtimned ¢vednigiht (48, r&bp
6R) - 6-am nonet hyl - 3-
tempegpitopyl-bi Egchop3el. OpRepe- FagnaBldad ddwrnstteo, and the
Tert-butyl ()-[(IS,5R 6R)-6-(nitronethyl)-3
lelusléGr BVl @le@ﬁéqaﬁ[%i Zlfﬁ]%@aueaoﬁé‘lh Y| Pagebhfel@gepy By tne
mmol ) was dlssolved in ethanol (60 nmL). To the
addéell@lni o, n‘iqeéﬁadlﬁ/\;der her, 4bg, OS@%W\) St H@fﬁhﬁc
ous anmoni um. ch or

witfom, °°ﬁi5) TSk F e ni Qe radggturated
saifblel ! %d 48 4500 i HERa PR Db D8 | i an gD

mxture was a‘Iovve ere Fough

su18aldd € iy tg-@‘ésﬁodi%gl yubl e {@ér‘?rdly‘FﬁQ ugEen, M"érﬁv reduced

concentr at resi due was uted with efhyl

preaGefrat €. Thihe c@iildid Qs smshed Wi e o sat piad 8dran (50
aqueous sol ution of sodium bicarbonate and dried over

mL)anhyedeoys 10RgReS Wi siddeat eo alhedbct hen sed Mentomasrepared
distilled off under reduced pressure, and the residue
in wasrgpud foyeddyisg | scdigel hedtida (shbenatagr aphy Stog, 20
obtain the conmpound of interest as a colorless oil
mmoslbstarcE {2y grodroyn g9lugon- KpO(pL) pL(i8rt5Rutyl
. 6R) -6-am nonet hyl - 3- _
dlm&ﬁﬁﬂ%XSHQﬁRW%¥b$%C?t@}ﬁeb4 48 efi- 629IP@@éﬁiénééFdlce
Tert butyl |'S, 5R6 - 6-am nonet hyl - 3
ceq %u"c%ml é“‘?r%]‘h t*%relﬁeé §F%56§Faﬁ8“(é. Beug, The
was_di ssol vedvageg ¢ N gdr ochl ori c

reaa’?c.lluo_l’ét%%/#u%%%?a\fféq sepa gueous anc orqanlc

layers by the addition of a saturated aqueous solution of
ammonium chloride and saturated saline. The agueous layer
was subijected to extraction with ethyl acetate. These
organic layers were combined, then washed with saturated
saline, and then dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced preésure, and the
residue was purified by silica gel column chromatography to
obtain the compound 0of interest as a pale yellow oil
substance (1.81 g, 49%, E/Z mixture).
(5-d) Tert-butyl ()-[(1S,5R, 6R) ~3-propyl-6-
(nitromethyl)bicycio[3.2.0)lhept-3-en-6-yl]acetate

Tert-butyl (x)-(1S8,5R)-3~-propyl-picyclo[3.2.0]hept-3~-en~

b-yiideneacetate (1.81 g, 7.29 mmol) was dissolved in



solution (25 nL), and the solution was stirred at room

tenperature for 2 hours. Then, the solvent was

distilled off under reduced pressure. The resi due was

suspended by the addition qf dichloronmethane. To the

suspension, triethylam ne s then added dropwi se,

and the resulting powder was collected by filtration.

The obtai ned powder was washed w th di chl or onet hane
nl‘qmntﬂdirame t he wonpoied tdfe sSoltwriewst, aks, & white powder

(1.01 g, 510). &0118] (" Exanple 12) () - [ (1S, 5R

digRpiwiam nonethyungec-7-ene (1.5 mu, 10.2 mmol) was added,

I sobut yl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ]acetic acid
anqggagnm¥#§uerﬁybmmﬁ¢@ﬁ qg}n(gglaylno at 50 to 60°C for 8

| sohut vl pent - 4- en- -oI 2-1 sobut 4-pentenoic acid
ho‘(rf % Cﬁgﬁﬂ “UgSc Wab B L 1Ry t%e%@cj (13, as%dfﬁ*mﬂec
was di ssolved in_tetrahydrof

2 | S e ot Aot R HE ARt B ranohsBhesh egothen
adiga gﬁ@fgkéO'H&*P@u@é égtgkyyg kyngHQkﬂvgggggtg%otage

uhder Tce coo=i xture

ThéH t¢H§ ot e&ai#vgvfﬁéslthQE o%hﬁnanﬂ@ﬁeﬁugsmégne51um

, a 15% acrueous sodi um hydroxi de sol ution
sulma)ue anghyet s §d0venilyayenescadded bher ghekn b eq
order, and the m xture was stirred overnight. After
prqummal afnd neodithliee wed terrifhed fbitsaleca 91 waSumn
concentrated to obtain the conpound of interest as an
chwdrhat sghspanceo (dbOafn 4289 cofp@ubl of interest as a
2-1sobutyl -4-pentenal Oxalyl chloride (5.45 g, 43
coymml §s nast Hi ssosvadcen (2n@2Ehygl eAé%¢hl ori de (50 nl),
and the solution was cooled to - 78C. Then, di nethyl
(93®1fb&)db’%%liRnﬁB)mésamﬂd@mﬁéhMémﬁse thereto. To the

m Xt.ure, f ene chlori de 840 nmL) . sol ution of

Pr%’YJs%bﬁYy Den EﬂeDF orefze-vel jcesécrrﬁwﬁ)d was
subseqyent--_ ?dded dropmn§e and the_ m xture was
stired ATy (15, 3K, 6R} - 3-propyl-6-

(nitromethyl)bicyclo[3.2.0}hept-3~-en-6-yl]lacetate (1;09 G,
4.71 mmol) was dissolved in ethanol (10 mL) and water (5 mL).
To the solution, irorn powder (1.32 g, 23.5 mmol) anc ammonium
chloride (24°2.6 mg, 4.71 mmol) were added, and the mixture
was stirred for 2 hours under heating to reflux. The mixture
was allowed to cool, then diluted with saturated saline, a
saturated agueous solution of sodium bicarbonate, and ethyl
acetate, and filtered through Celite to remove insoluble
matter. The Ifiltrate was separated into organic and agueous
layers. The organic layer was washed with saturated saline
and then driec over anhydrous magnesium sulfate, and the
solvent was then distilled off under reduced pressure. To
the residue, a 4 N hydrochloric acid-ethyl acetate solution

(20 mi} was added, and the mixture was stirred at room



this tenperature for 1 hour. Triethylamne (24 nL) was
added thereto, and the m xture was brought to room
tenperature. A saturated aqueous solution of anmmoni um
chl ori de was added thereto. The organic |ayer was
separated, washed with mate@z and saturated saline,
then dried, and then concentrated to obtain the
conpound of interest- as an oil substance. This

t ergoRoLnte VBSr USetonh. t MEhdiexttfeass] Venwi 1houl: bei N¥ed o<
purified. (12-c) Methyl

un@Ehyoe dxye - p$©$ﬂmy$ 6-Tepterwiad es Thes couppandeaf in
interest (4.5 g, 61% was obtained as an oi

dl%ﬁk@%%ﬁﬁ%ﬁ%@ﬁasﬂéréﬁwemuﬁgﬂn@lwma ini¢heysamenwayasasadded
i n  paragraph (10-a)_using 2-isobutyl-4-pentena

dr?HﬁF%ﬁ Eﬁmﬂd?%%yrésv%Eb%@yPOBdﬁépWéﬁop@—é@w@e@h@y
X ound of interest g)..was obtained as an oi
subdtate TheER h‘éa%?r% wayhagl Hlﬁapagﬁéaﬁ%l@nb) t@@@n@*led

h 251 sobut y| - 6- hept enoa
tor%%{%lnT%h ygog %ﬁ%doﬁaénﬁggaan £hé g%ﬁ 88€%r6n 425.1
mg 4? ut belng purlfled (12-e) Tert-butyl
‘()=171S, 5R) - [ 3-i sobut yl bi cycl o[ 3. 2. 0] hept -

[08ren-6-ylidene]ace k_ate 91 The conpound of interest
(3.7 g, 679@ mas obtai ned as an oil substance (E/Z
(EfdppuEe)oj n E PESES HAYR ASe LQmEﬁBﬂggﬂ? 33&10 c) using

3- hydroxy 2 |so utyl = 6- hept enoi ¢ aci (12-f)

buJerb:butyd [§)2[ (] SebR-6Rn36i-50DHERE16 acid (exemplary
ni tromet hyl bi cycl o[ 3. 2. 0] kept-3-en-6-yl]acetate The
compppodnc of Lo nterest (3.8 g, 84% was obtained as an
oi | substance in the sane way as in paragraph (10-c)
1@s$th°t@Yl puaylyly3=-hydspx8Rrtanpdtiesobut yl bi cycl o
.. 0] h.ept-3-en-6- ylidene]acetate (3.7 g, 14

m"rtﬂ‘)AlJ(‘fl.lZ“-Qj’?arTce{tLkbth/Ir::()“mr[\ (46, BRBCBRP256 (5 g, 33.7

é& - - but carbonxlanlno%neth yl - 3- |sobutylb|c clo [

2 meth ﬁ?m%a%rtat% 1 ’aBet af8 THeldo digc (2.6 g,
0

4C|nte£FStv£? 7dgbc 466Le_ra895§5?39a%s\%% mL) and Trimethyl

borate (15 mL), and the mixture was vigorously stirred. Then,

the reaction vessel was placed in an oil bath and heated to
70°C, and the mixture was stirred for 2 hours. The mixture
was allowed tc cool, and glycerin (20 mlL) and a saturated
agueous solution of ammonium chloride (100 mL) were then
added thereto, followed by extraction with ethyl acetate.
The organic layer was washed with water and saturated saline

and dried over anhydrous magnesium sulfate. Then, the

C

solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography tc
obtain the compound of interest (diastereomeric mixture) as a

colorless oil substance (6.8 g, 94%).

(10-b) 4-Allyl-3-hydroxyoctanoic acid



oi | substance in the sane way as in paragraph (3-a)
using tert-butyl () - [ (1S, 5R 6R) -3-isobutyl-6-
ni tronet hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetate (3.8
g, 12 mo |) . (12-h) (-) - [ (1S, 5R 6R
- 6-ani nonet hyl -3- . - 83 -

i sobut yl bi cycl o[ 3.2.0] hept-3-en-6-yl]acetic acid The
title conpound (1.C g, 62% was obtained as a white

gg\ﬁeﬁi&wl4@%@%@&@&@%@9{@9*@6(§' B) 481 8%mmor) was
di§3el(d8. iHRa6R) N6pbteEsibut ByMeakbary kadReLTeLhYlx3on (20
i sobutyl bi cyci o 3. 2. 0] hept - 3-en-6-yl Jacetate (2.7 g,
nLB, 8amwpthe solfi01d8] wabExaipkeclldkethight at room
(1S, 5R, 6R) - 6- am nonet hyl - 3- sec-
tempe yebicyel Jiee Zddepir Ehn:tbigh | @est tonaehtrated, then
_(exenplary conpound No: 12) - 92 - (13-a) Ethyl
dijused-Hutyl pere4- endaveshiethivirhckltorirde tBe6iggeous
228.1 mmol) _and water (2.05 nL, 113.9 mmol) were
SOQYUET  t B8 WRTEt AFEISHI FoxREenNVEOORN)1OIdEl GiGish dpllowed by
gietb¥I aIlyJ(sgp-Eut I%nalonate (30.90 g, .120.5
STy O At~ he-HY xt BF8 @BS - st17F edr@@r18562¥6F 62s washed

wibours.  The .nixtur treated with.water, followed
B TOE ML LU SctRsy L omL ool Lh el ot [l houed,

extraction w Yy

ma@ﬁésgﬁﬁegu9¥§£e?nh¥@[ U&h§ﬁ§ﬁ§§éHﬁ“égkf8£StiI gg’?%geunder

Solvent was distilled off reduced pressu

re@RE84NpLE8sGOAPEYNELRE hNERECShnAS L Ra OWR L Qilost a5 an oi1
subst ance. This conpound was used in the next

subeashton (84 bhgyt 3being1pur ifth 8. céddSobhd was used ir the

2- Sec-butyl pent-4-en-1-0ol A tetrahydrofuran (50 nlL)
nesol n¢aoniof ethybu2- secngbutiyt pesy- 4- enoate was added

dropwi se over 30 mnutes to a tetrahydrofuran (120
(10rky) sDeut +ontpl Kif ki ubsabrM-BuBubYdpidec164379.0) hept-3-

126. 3 mmol ) cooled to 0C, and the m xture was then
en-6-ylidenejacezate

A mixed solution of 4-allyl-3-hydroxyoctanoic acid (6.C

g, 30 mmol), potassium acetate (2.4 g, 96 mmol), and ace=-ic
anhydride ({30 mL) was stirred at room temperature for 2 hours
and then stirred for 4 hours under reflux. The reaction
solution was placed on ice and stirred overnight, and this
reaction solution was subjected to extraction wi<h ether.
The ether layer was washed with a saturated agueous solution
of sodium bicarbonate and saturated saline and dried over
anhydrous magnesium sulfate. This ether solution was added
to a reaction solution prepared in advance from a
dimethoxyethane solution (30 mL) of methyl tert-butyl-r,o-
dimethylphosphonoacetate (7.8 g, 35 mmol) and sodium hydride

(>63% o0il, 1500 mg, >35 mmol), and the mixture was stirred

for 1.5 hours. To the reaction solution, a saturated agueous



stirred at OC for 1 hour and then stirred at room

tenperature for 2 hours. The m xture was cool ed again

to OC. Ethyl acetate (55.4 nlL), water (44.7 nL),

tetrahydrofuran (83.1 nl), gnd sodi um fluoride (53.0

g) were added thereto, and8fhé nmixture was stirred

for 1.5 hours. The m xture was filtered through

Celite to renove insoluble nmatter. Then, the sol ution
s olwers coorcte rmmadreidim artdl dhisde ess afueraasdpsaiined aby water

silica gel colum chromatography to obtain the
wersorgeolaw iof thid eveddr asared cohertesstoph sobstaocewas

(12.20 g, 690). (13-c) 2-Sec-butvl pent-4-enal D nethyl
sulgigdted de (er8: AN 266t ey} aastadded Thir opwgaelc

over 15 mnutes to a dichloronethane (280 nL) - 93
layey] otd orfifedxaree P et drraenessunosyliass. ananphyn

.cooled to -78%%7and the m xture s_then stirred at

LileaieGor T96 SHilveres Wasy remt§ Y, Ot died or’ gt Fathe

(75.m) solution of. 2-sec-butylpent-4-en.-1-01 2.2
pre iy SIS in 7 o LESPHPuc B hves gbT clumn

' b ' ~ irred at - for I .
cnfhGR ) e Mt ureysos AL S o OG0l oo
ye ropw s dhereio-over 5 8}n§i%§’E?ﬁdmﬁQ%u9b¥ture was

then stirred at roomtenperature for 2 hours. The
(1AL UF e s peutLal | 7eg wkt @R?—NBMQ%@C@LOH ¢ acid

(310 nl) .” The organic layer was dried over anhydrous
ni tegmesh ik se & ab €3 . 2 Thenept he-sal-¢ent 1wascdicsti | | ed

of f under reduced pressure to obtain a yellow oil

suliSteancie 1as @ompound e(£dht@i nilfig8 tihmol rom@souodt@ined as an

interest. This conmpound was used in the next reaction
ol shositaped ngnf uhe heampuvayi ed. 1fl®adpavephyl(1-c) using

3- hydroxy-4-sec-butyl pent - 6- enoat e ‘
tept-Seethut (Fpenfld- 2Rat 3apdt kePhg cbriorpdc el acpt 3546~
;9. 102.9 nmol) mgre EXgpared into a tetrahydrofuran
y1¥9ene] §°Labat i(dn® An &Pt quBT©of -approximately 1/5 of

éhe anount. was_ adde 19 g trinethyl borate (25 nlL)
(1408 hehST bIPBEY2i ne’ powder 2R ORI —o—(Tert-
butoxycarbonylamino)methyi-3-butylbicyclo{3.2.0lhept-3-en-6-
yvllacetate

The title compound {3.63 g, 63%) was obtained as an oil

substance in the same way as 1in paragraph (3-a) using tert-
butyl (x)-[(1S,5R,6R)-3-butyl-€-
nitromethylbicyclo[3.2.0]lhept-3-en-6-yllacetate (4.8 g, 14.8

mmol) .

(10-f) (x)-[(1S,5R,6R)-6-aminomethyl-3-
butylbicyclo[3.2.0lhept-3~-en—-6-yl]lacetic acid

The title compound (1.5 g, 70%) was obtainec as a whit

(]

powder in the same way as in paragraph (3-b) using tert-butyl
(£)-[(1S,5R, 6R) -6~ (tert-butoxycarbonylamino)methyl-3-

butylbicyclo[3.2.0]hept-3-en—6-yljacetate (3.63 g, 9.1 mmol).



(6.73 g, 102.9 Mol ). The m xture was heated to 80C.
Then, the remaining solution was added thereto over
30 minutes, and the m xture was then stirred at 80C
for 2.5 hours. The n1xtureE%as all owed to cool, and
glycerin (25 nL), a saturat®ed aqueous sol ution of
anmoni um chloride (25 m.), and diethyl ether were
then added thereto. The obtai ned organic |ayer was
[Ommﬂ]ed over anhydrous magnesi um sul fate. The sol vent
was distilled off under reduced pressure, and the
(Exraasd lduel Was(fpur | f1edhyoR] + b caniyedbmeth yhns3 -
chromat ography to - 94 obtain the conpound of
1SqORAMRR L @ £O bl 2 oW ePTs@bsnafcel] §¢at40 grid8ypxemplary
(13-e) 3- Fwdroxy 4-sec- bucylhept 6-enoi ¢ acid Met hyl
COW?QHRH(N®-4 skc- bucvl hept - 6-enoate (14.40 g, 67.2

solved in a 2 N pot assi um
1hy%7 %%h% nt soT%??on (200 nL), and the
I t t f
EguﬁéE ie ioSVELre (ﬁ §nT% %??r?dﬁég} ?%ﬁﬁc% ded
dr@sﬁééﬂgvoifolégﬁlﬁ&& S0 BabeLaaRdofLeRNL (BEChy)

were t hen adde he aquedus [ayer was néu

soMdio? N hygdrochl orig aﬁlgrlékethy|3@tBef1§@S3a%%%d cooled
thereto, and the organic.laver was -dried over

to YA OUS, JTRANRLSH 1M u .Sl [ &4 echdRedl ; £ heq sl venge $Bor 15
distilled off under reduced pressure to obtain the

mimcompoundifsdqiearelst, as @yl bovnothansubst ance §32u?Qon of
g, 949% . (13-f)
2=-{yo1HHRyeBt séeehul ybbi ¢yeél.8P352. 0Bhéotm8iénwsoreided
Pot assi um acetate (14.90 g, 151.8 mmol) was added to
Terilgeetherannydvede3p7minbyesol andohhef mixture was stir
3 hydr oxy- 4-sec butyl hept-6-enoic acid (12.70 g, 63.5
C fd &t Heoud xt LIrre‘L’atwa/SlaSMl’rere@?at‘lOrcmmolG 7 mmol) was
qlmperature for 1 hour and_then stirred 120C for
a %r D%P@ls%hennFXFargvﬁés“tPé&Pé&smn?ﬁ |c W&Feﬁr° Was

nd 9! Lowed by gx%gac on with diethyl h? (mixture
ofganlc Tayer RS WaERBE - Rt *?atar 5§ S aqu Lxture

wa§0$¥&£9919£ed with 2 N hydrochloric acid (320 mlL). The
organic layer was dried over anhydrous magnesium sulfate.
Then, the solvent was distilled off under reduced pressure to
obtain a yellow oil substance as a mixture containing the
compound oI interest._ This compound was used in the next
reaction without being further purified.
(:1-b) Methyl 3-hydroxv-4-isopropylhepz-¢-enocate

The Z-isopropylpent-4-enal obtained in varagraph (1ll-a)
and methyl bromoacetate (16.18 g, 105.8 mmol) were prepared
into & tetrahydrofuran (25 mL) solution. An aliquot of
approximately 1/5 of the amount was added to a trimethyl
borate (25 mL) suspension oI zinc powder (6.92 ¢, 105.8 mmol).

The mixture was heated to 80°C. Then, the remaining solution



sodi um bi carbonate. The organic |ayer was dried over
anhydr ous nmagnesi um sul fate. Then, the sol vent was
distilled off under reduced pressure, and the residue
was purified by silica ge_ | utm chr omat ogr aphy to
obtain the conpound of interest as a yellow oil
substance (6.70 g, 64% . 95 (13-g) Tert-butyl
()-[(1S, 5R) - 3-sec-butyl bi cycl o[ 3. 2. 0] hept -
wa3g-apdedyiheesed aceent 80 (Bl Zutext ure) Ahtetniahydeofiasanhen
(15 nm) solution of tert-butyl
st grped hgt phosphHmacdt dreiys3. 70hg, mithrarolds wisl adaed o
dropwi se at 0C over 20 minutes to a tetrahydrofuran
COPi5 AR IsVSPehRion BF) sodli GAFRyAEPEe2QDSE8SgS08BYLon OF

e mxture was stirred at 0C for 20
amﬂ?ﬂh?%sCh%%”%ﬂ?s EgoWh{roﬁnd adt 8EPYhy §-bear ¥RTE1%hep) added

f 1S )
=n§PCBR DA BB O DRt . W br 2 amv e hyarous
madhiBblur W81 Added dmpvg Gt O OVEL 2Py lguLes. . a0d;:

m xture was stirre roomtenperature

reBQUES. pFBEs X! UEBI VRS, §§ Ed %Eh plate ol 8l %_*
by exttraction with dlethy Re org ani ¢7 | ayé
Rer

coYasn dth e oVes r aphy de @ugoﬁagﬁeﬁhg%%%%@ o THERerk
solvent was distilled off under reduced pressure, a

velhewresidsepwasnpariibedcby, svbeca gel col um

- chromat ography to obtain the conpound of interest as a

(1yetl ow-Hpditosubst ancerByliegr -88%hoiclach) Tert - butyl
(=)-[(1S,5R, 6R)-6-(nitronethyl)-3-sec-
but%u%.b&qusaswm]mé@m&cé@rr@e yhé]lla@ét avtutTent {BOOyhL) was

[ (1S, 5R) - 3-sec-but yl bi cycl o[ 3. 2. 0] hept -3

ad%ﬁ06t9| ?dfé%el]l%@@% aﬁé3(¥3m@¢b golmlenm| Fenrhy LdiBssyldvedy—4-
in_ #ronet ane éBO nLé To the_solution, 1, 8-

158?39%5 RYRT 0P 5eROBT Eindeé: F0efe P2 D0TFol14, §nﬁn§PF Wdgture
dded, __and _the n1 xture s_sti rre 60C fo

wa%o%?ér‘ eg%1x Ofe “mBS %f?oﬁea fo bPurénd Ehe solvent

wa SA4HE AL edoaqyeeUs, S0k uLLan-of, 98&%&§gvﬂ1eeh¥d£°9v31au
ph ospﬁate was t hen added Fﬁere?o; e
water d diethyl ether were then added, and the aqueous
layer was neutralized with 2 N hydrochloric acid. Diethyl
ether was added theretc, and the organic layer was dried over
anhydrous magnesium sulfate. Then, the solvent was distilled
oZf under reduced pressure to obtain the compound of interest
as a brown oil substance (11.10 g, 97%).
(11~d) (%)-(1S,5R)-3-isopropylbicyclo[3.2.0]hept-3-en-6-one
Potassium acetate (14.00 g, 142.7 mmol) was added to an
acetic anhydride (67 mL) solution of 3-hydroxy-4-
isopropylhept-6-—enoic acid (11.10 g, 52.6 mmol), anc *he
mixture was stirred at room temperature for 1 hour and then
stirred at 120°C for 3.5 hours. The mixture was treated with

ice water, followed by extraction with diethyl ether. The



foll owed by extraction with dichloronmethane. The
organic |ayer was dried over anhydrous nagnesi um
sul fate. The 96 solvent was distilled off under
reduced pressure, and the_ si due was purified by
silica gel chromatography to obtain the conpound of
interest as a yellow oil substance (3.28 g, 86%.
(13-i) Tert-butyl ()-[(!S, 5R, 6R)-6-am nonet hyl - 3-sec-
orghuotiyl Bagycl 0f=3 2l Hreptwidrere Gatjretdtequdens -doiytion of
()-[(I'S, 5R 6R)-6-(nitronethyl)-3-sec .
sodbuty Phiceydlog(a3.<2. 0T hepbrgasnct-lyplvaceteat (iR wpr
10.2 mmol) was dissolved in ethanol (60 nmL). To the _
anhé’@lr@MSoﬁlagWqucﬁk@eﬁat(A AThgn.8¢he mediverandasheh sntlled
aqueous anmoni um -chl ori de (O 54 g, 10.0 mmol) -
O*Isb-l NSO SEMT S )P ART B TRt d & a%etlﬁesmi% uves\/e%rl—‘—ed Dy
tirred for. 4.5 hours .under aéln to, ref

Sllr’n‘)?t F \ﬁé’slué‘t'l dvtkroon'tao“ c%ro‘_’lr’%d “F T ¢ e?ed°?rﬂ?8ﬁ@ﬂ ot
inteeldde to T o}N nsol ubli& Bt er u?3017 i t on was

concentrate e residue vvas d| ed Wth et hyI

tat e di qtlro ed satura -
egfhsrtso hct ‘on’ “of Qodl Ui blcr:]l [F%fb %ydi L Byt hept
3- o%ml‘?ﬂh%r{m]gef@e%% Sut fAates xc Jhen, the sol vent was
distilled off under reduced pressure, and the residue

wag petirbhegd Aaf usidn ca sgedl )c o almt i e eofred e -apltyy 1 o
obtai n the conmpound of interest as a colorless oil
di mﬁﬂﬁyﬁﬁhﬁsdﬂbiﬁhﬁﬁ #59) (3(138-¢) 16.5 mmol) was added
()-:(1S, 5R, 6R) - 6- am nonet hyl - 3-sec-
drdwtlyeldouetwl(b’iCcymiea[ 2.2 rirhepts Fern ol fjacetieiacad (15 mbL)
Tert-butyl ()-[(1S, 5R, 6R)-6-amn nomet hyl - 3-sec )
susmand eyt of QHID]IB]E@I @een060§l$acég°ate1§202@mgl'7 and
mml) was dissolved in a 4 N hydrochloric acid-ethyl
thegamitzaiere it $ohr {80 at)0° @b O solioh. wily this
stirred at room tenmperature_ for 2 hours. Then, the _
SOl At WasSEF3RYPF@ELRIF 675 mL) solution of '(£)-(1S,3R)-

3-isopropylbicyclo[3.2.0]lhept-3-en-6-one {2.25 g, 15.0 mmol}
was added dropwise at 0°C over 15 minutes, and the mixture
was stirred at room temperature for 2 hours. The mixture was
treated with water, followed by extraction wiih diethyl ether.
The organic layer was dried over anhydrous magnesium sulfate.
Then, the solvent was distiiled off under reduced pressure,
and the residue was purified by silica gel column
chromatogravhy to obtairn the compound of interest as & yeliow
0il substance (3.00 g, 81%).
(11-f)} Terti-butyl (i)—[(15,5R,6R)—6—(nitromethyl)—3—
isopropylbicyclo[3.2.0]lhept-3-en-6-yl]lacetate

Tert-butyl (x}-[(1S,5R)-3-isopropylbicyclo[3.2.0]hept-3-
en-o-ylidene]acetate (3.00 g, 12.1 mmol) was dissolved in

nitromethane (30 mij;. To the solution, 1,8-



under reduced pressure. The residue was suspended by
the addition of dichloromethane. To the suspension,
triethyl am ne was then added dropw se, and the
resulting powder was collegﬁfd by filtra__on. The
obt ai ned powder was washed "wi th di chl oronet hane to
obtain the conpound of interest as a white powder
(0.98 g, 540). [0120] (Exanple 14)
diddald SyER BPR) 4 66 pmdeeel tythe 3{2.20 g, 14.5 mmol) was added,
cycl opentyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid
andemmaphﬁxyunﬁnwmynﬂtbbrcdSat($4°a) f&t hylhours. The mixture
gflopentylpent 4-enoate Lithiumchloride (3.60 g,
wa%4a oWl ) tandoght eanq 02 762 irat4d. 9aHROHP wWerdtaddedt
to a dinethyl sulfoxide (20 nmL)- solution of diethyl
pO%ﬁ$§4umc§%mb%eﬁg9T)D%ﬁ?@%ﬁ?@ wee. I@e@ ag¢e¢ thABEFC,
¢ ﬁfd the mxture was stirred a% 185C f 6 hours. The |,
Ot RETT P NaS*HF 3G & Wit h Wit & 1°F8F“1°6 8Sby EXtrAEEFORC

1o th _diethy . ani_c er was dried gver
Py U o REET L anarRr SR e Pefar P B TR0 T bk kS

sofyshllled of - under oE%dHﬁﬁg PLESUL Lo 0ILaEn LOS cre

nterést "as a romn o1l ance

re91d§4/@as( é*bflgdcg9|99§95¥'%%ﬁtcﬁr%&akoghaénv To obtain
tetrahydrofuran (15 nL) solution of ethyl "2-

they&bapenhil pent nd=e808at gs( 8. %ngow3%ﬂﬁ RRlsk 2@e added o,
dropwi se over 20 minutes to a tetrahydrofuran (40 niL)

gosplution of lithiumalum num hydride (1.21 g, 31.9
mol) cooled to OC, and the m xture was then stirred
(latgpCréot ~buthaurtand (L BeBRSBR) & aatli noaerhtyerger at ur e

for 2 hours. The mxture was cooled again to OC.
isephypyabetsteo(34200ihEpto8 —ewattery (1 BLe3 afle)

tetrahydrofuran (21.0 nL), and sodium fluoride (13.4

g) Tere-ldded fherbtbS, ZhdoRhebnilrtaremasBylstErred

for | hour m._xture ma filtered through CEIlte
isoproovlbgcyc¢0?3 2. %%nept —en-6- % aceuaé% . g, £.70

mmol)} was dissolved in ethanol (60 mL). To the soliution,
iron powder (4.47 g, 80.05 mmol) and then an aqueous ammonium
chloride (0.54 g, 10.00 mmol) solution (20 ml) were added,
and the mixture was stirred for 4.5 hours under heating to
reflux. The mixture was allowed To cool and then filtered
through Celite to remove insoluble matter. The solution was
concentrated, and the residue was diluted with ethyl acetate.
The dilution was washed with a saturzated agqueocus solution of
sodium bicarbonate and dried over anhydrous magnesium sulfate.
Then, the solvent was distillied off under reduced pressure,
and the residue was purified by silice gel column

chromatography to obtain the compound of interest as a

colorless oil substance (2.50 g, 92%).



to renove insoluble matter. Then, the sol ution was

concentrated, and the residue was purified by silica

gel colum chronat ography to obtain the conpound of

interest as a colorless oil,substance (3.50 g, 560).

(14-c) 2-Cvcl opentyl pent - 4- gﬁ D net hyl sul f oxi de

(4.82 nL, 67.9 mol) was added dropw se over 15

m nutes to a dichloronmethane (75 nL) solution of
oyl i Gbadi (d ScHiFarGRle- §-4emingne 8%y 2-dwol ) cooled to

-78C, and the m xture was when stirred at -78C for 30
i sqREARBEPL Sibseiqient § Jhert ud cihofonki Aasei ¢26cht)

sol ution of 2- cvclopen—yloent 4-er.-1-0= (3.50 g,

22 TP Iamol) Yas Tadded S : iFo (il )sed tamelrmetnee Wver - 35

t -78C 45
BT TS eI £ 5
R G BT e O

oSt T eE at” rdo

1 e neut hydr hIor|c cid
soﬂHJ&dF §§h EﬁﬁgdéggI%%%? ele y d%ge %over aﬁﬁyd?8ﬁs
temwﬂﬁdﬂ fzﬂtrﬁoursThe%Jrhe *%Ra.l Vs%ltvé/i’?é ﬁét&iéfﬁhed off

of f under reduced pressure to obtain oW Ol '
unde b St e A e B XE I € ToRN LAl N g thes &%ﬁl&%@d% the
interest. This conmpound was used in the next reaction
addi ttimutobedinch ¥awrdret hane | fiRd. tHd dswhpdvd i,
3- hydr oxv-4-cycl opent yl hept - 6- enoat e The
trizgyel apent WMapenthen enddedbtiadbpetsen the phecedsndting
par agraph and net hyl bronpacetate (4.22 g, 27.6 nnDI)
POVRGTe WY cparear 198 00w feltahAvdeni urlre (dRtadned powder was
sol ution. An aliquot 99 of approximately 1/5 of the
Was&i’%rﬁl%sd%d]édr?%%“%?? neehgPp a{a@r ahe ¢opopupd of
Sus enS|on of, zi nc 1 2/.6 mmol ). The
ln?ﬁ%( ﬁé%‘ﬂ%bi%dp %5 #% R§ 9he5 &iai ni ng sol ution
Mﬁ§ added thereto over 30 m nutes, and the m xture was
1 % stirred at 80C for 2.5 hours. The mixture was

(Eéﬁ# (hé OOJ 1$nngL%ceL| £nome%h a §aturated

eous soI'T oh
isobutylbicyclo{3.2.0]hept-3-en-6-yllacetic acid (exemplary

compound Nc: 13)

(12-a) Z2-Iscobutylpent-4-en-i-ol

2-isobutyl-4-pentenoic acid (J. Am. Chem. Soc. 115, 1993,
8669) (13 g, 83 mmol) was dissolved in tetrahydrofuran (80
mL), and the solution was added dropwise to a tetrahydrofuran

(80 mL) mixed solution of lithium aluminum hydride (3.4 g, 90
mmol) under ice cooling. The mixture was stirred at this
temperature for I hour. Then, water (3.4 mL), a 15% agueous
sodium hydroxide soiution (3.4 mL), and water {(10.2 mL) were

added thereto in this order, and the mixture was stirred

overnight. After removal of inscluble matter, the filtrate



amoni um chloride (6 nL), and diethyl ether were then
added thereto. The obtai ned organic |ayer was dried
over anhydrous nagnesium sul fate. The sol vent was
distilled off under reducedpressure, and the residue
was purified by silica gel colunn chr omat ogr aphy to
obtain the conpound of interest as a vyellow oil
substance (4.00 g, 770). (14-e)
WaSBq%RﬁQBQFaF%%dkbmﬁﬁ@¢Mepm°6C@m©©@nécbﬁ Methykst as an oil
droxy 4-cycl opentyl hepr-6-enoate (4.00 g, 17.7
Suﬁﬁﬁﬂ90° i Sol4sd in a 2 N potassi um hydroxi de-
neth nol solutlon (53 m), and the solution was
(153)r red- st ufr%rﬁ'f%%%‘?%%jdre for 1.5 hours. The
sol.vent masldlst §ﬂ ngf under reduced ressure To
t h&*Feditd e, OWd‘t 2 diret Iy TR her e r & § HehV S did,

o . [ d th 2
A SR P A e <
h d
rorEe, SRR L BVRL S LU VR SO RIS

thdeured TR @FSURA Qi QDL a rﬂnéﬂ'}%/l(‘él{@mmﬁondé NE&g est) as
a yellow oil subst ance (4.00 g (including the

solnesigtuadf ol yshuty)pent€d4ef}i-ol (4.9 g, 34 mmol) was
3- Cycl opent yl bi cvcl o[ 3. 2. 0] hept - 3-en-6-one Pot assi um
sulspeiaet (V1. ddde d2odwisapl andashadaedtthiocanasagetireed a<
anhydride (20 nL) solution of 3-hydroxy-4 100 -
thicgy i opreana/tt bvept £6x ehoheuaci di 400y hamilve 7 (dhohL atwé beadded
maxi mum and the m xture was stirred at room
theilfﬁﬁff‘e'r AR S RVIMIAERBAr VARIPERBANSt FPr EGCRt TEPDETRERTE. A
3.5 hours. The mixture was treated with ice water,
Sati‘%‘ﬁ”bv\%da%%%r%\%%ilbhow Ph 2EMeRRPM EPheridshgas added

organic er_was. hed with a saturated aueous_
the rﬁ‘qru?l or?Jhg}/ §@(ﬁ%ﬁmﬁac%$lboﬁ esepl‘?}%ao? anf TS 7ey ef - ~hatid -er

G SN e TP SRR o “'fat§8nl?§§§uperagng to

ven

obtdien {ﬁé' mt%%paf' &h@grgxtssgl cad geh eQldmm o This

chr omat ogr aphy
compound was used in the next reaction without being purified.

(12-c) Methyl 3-hydroxy-2Z-isobutyl-6-heptenocate

The compound oI interest (4.5 g, ©1%) was obtained as an
oil substance (diastereomeric mixture) in the same way as in
paragraph (10-a) using 2-isobutyl-4-pentenal.
(12-d) 3-Hydroxy-2-isobutyl-6-heptenocic acid

The compound of interest (4.3 g) was obtained as an oil
substance in the same way as in paragraph (10-b) using methyl
3-hydroxy-2—-isobutyl-6-heptenocate (4.5 g, 21 mmol). This
compound was used in The next reaction without being purified.
(12-e) Terthutyl (£)-(1S,5R) - {3-isobutylbicyclo[3.2.0]hept-

3-en-6-ylidenelacetate



obtain the conpound of interest as a yellow oil
substance (2.30 g, 749%. (14-9g) Tert-butyl
()-1(1S,5R) - 3- |
cyclopentylbicyclo[3.2.0]hegg 3-en-6-ylidene] acetate
(E/Z mixture) A tetrahydrofdran (15 nlL) sol ution of
tert-butyl dinethyl phosphonoacetate (3.21 g, 14.4
nmol ) was added dropw se at OC over 15 mnutes to a
t efThah ydmgownain of15 nirke)ressusi@ensigon ©f%)sot uinkhyadine® as an
(0.59 g, 63% 15.7 mml ), and the m xture was stirred
ollats WG faIc25( i humiesturk tin sthgosameéoviayaas in paragraph
tetrahydrofuran (15 ni) solution of 3-
1Q:;Fe)| GhEMY | b kY@ O 3- 2 T Hept vy 3-enheprbaec{ 2. 80ig, (43319) .
) was added dropmnse at 0C over 10 mi nutes, and
1%1ﬁ9rﬁ%ﬁin%u Was (BT ket At Pobne T enpRrBY U & for 16
urs.

t d with. wat fol | owed
nlwﬁP@s&Q%ih%%%F 5 2 DA ST Rer s FhoabrpaAFe. | ayer
f
h%:]lt'%\?\r/g%\ﬁg{ y1q1 f'fs un Q% u‘g]d SSMJ "J\Eaes Q@Qinl;@e S an

sol've uced pressure

oil hgpesidue Stﬂ?ér” ix’n@%%’% éé'iﬁaog 8’r’g HmM140L, ysing

chromat ogr apny tal n € conpoun nt erest as a

teﬁ%ﬂé@%legL 5;?6t§w@£r§£&§E£Q7y921@¥c£&§3hi dehbpbubyly¢-

-6- (nitronethyt)

yllcd/@rh@p@@éwwecyzlm[@, 21 D]lmhept - 3- en- 6-vl ] acet at e
Tert - but yl

(143g] (TSr5RpudyTyctopply) IR cyR) af3.(2e0Lhept -
3-en-6-ylidene]acetate (3.30 g, 12.0 nmol ) was

butbsgosyvednyhamhino rmaehhane—{ 80butylPaciheodgl-dt Oohspt-3-en-
1, 8- diazabicyclo[5.4. 3 undec-7-ene (2.20 g, 14.5

6-yhbefewassadded, and the mixture was stirred at 60C

for 5 hours. The mxture was_allowed to cool, and a
saﬂUFhﬁ§HW§HH§B&¥sﬂﬂQﬁq%ﬁFof2 bo@aséﬂﬂh1ﬂ?ﬁy8?e@éﬁ°d as an

. phosphat e was_then added thereto O g
o1 D et LB s el e PrRESaPe AR i ayepsing

red®S, gL 0d oyer pghydrons fmongsiumsylfate. The
nitromethylbicyclo[3.2.0]hept-3-en-6-yllacetate (3.8 g, 12
mﬁol).
(12-h) (£)-[(1S,5R,6R)-6-aminomethyl-3-
isobutylbicyclo[3.2.0]lhept-3—-en-6-yliacetic acid

The title compodnd (L.C g, 62%) was obtained as a white
powder in the same way as in paragraph (3-b) using tert-butyl
(£)~[(1S,5R, 0R)~6-(tert~-butoxycarbonylamino)methyl-2-

isobutylbicyclo{3.2.0]hept~3—en-6-yllacetate (2.7 g, 6.8

mmol) .

[0119]

(Example 13) {(x)-I(15,3R, —6-aminomethyl-3-sec-
butvlbicyclo[3.2.0]hept-3-en—6-yl]lacetic acid (exemplary

compound No: 12)



solvent was distilled off under reduced pressure, and
the residue was purified by silica gel chronmatography
to obtain the conpound of interest as a yellow oil
substance (3.50 g, 879%. %é i) Tert-butyl () - [
(1S, 5R 6R) -6-ani nomet hyl
cycl opentyl bi cvcl o] 3. 2. 0] hent - 3-en-6-yl ] acetate
Tert-butyl ()-[(1S,5R 6R)-6-(nitronethyl)-3

(13cyol dpently | Zoissycio]y @l thepteBoanc 6-yl | acetate (3. 30
g, 9.8 mol) was dissolved in ethanol (60 nL) . To
t hé tHaunt coRorideor powder (22 @71 gnngb) Camdro¥atand (2.05 mL,
t hen an aqueous ammoni um chloride (0.54 g, 10.0

11323 msol) sdﬁﬁﬁ Frdzd ’ﬁﬂ_)a vsé%ré° Bavedsuhhexidne (AP XLl e

Was. stlr d f -hou der heat to refl ux. _
SO‘ﬂmlceﬁxq ol hidlmen St esty hraaiﬂ%ﬁt?n%%r%e g, 120.3
rou CBIlte to renove |nsoluble matt er.

lutd Was Mot ¥t et 2 5hact A jr%srdlﬁé”vva% hours. The
mlgdrtgﬁga Jfkaeléywla&?tv@é‘ear}ozm-r \Sng ﬂ) t%;g@s%gi?lor with

a saturated agueous so ution’o

le¥H¥¥k5”K§ﬁ aﬁgedr“%QDQVeﬁjQHQVQgﬂgtHﬁ?ﬁ% N a%ﬁxarous

sulfate. Then, the sol vent was

madﬁ%ﬂﬂﬁﬁjéﬂﬁﬁéﬁgﬁ,Tnﬁ&g &m%'é%ﬂﬁ%ﬁ%‘%ﬁ%F&Hégifié@yorz under
silica gel colum chromatography to obtain the

reduarpd unek ofu dates esbt &sn ach€otomnbessdobE substapeeas a
(2.00 g, 670). (14-j) () - [ (1S, B5R 6R
brovwg: am hoametdndr@. This compound was used in the next
cycl opentyl bi cycl o[ 3. 2. 0] hept - 3- en- 6- yI]acetlc acid
reafgriathbAhqyt -bgifgg LUBREIBR) - 6- ani nonet hyl -
cycl entyl bi cycl o] 3. 2. 0] heot-3-en-6-y__ ]acetate (2.00
(1P é;sﬁﬁﬁﬂgtxkﬁﬁ%ﬁséb¢@eﬁ Ph a 4 N hydrochloric
aci d-ethyl acetate solution (30 nL), and the sol ution

wad &55 F&B/G&PIP&@M &56%5% at TR B F BT P hoRirRy ! TheRec-
'EE@ sol maé distil gddoff under reduas ressure.
T%Slduép%% S{RDehdRa b T PRETS§dAVEF onVoinutes to a
taﬂnéﬁb&uéuﬁﬂ%énGIZJQRuhes§¥§p§B§lgn'lltﬁﬁgﬁhg&%%EH%m Aydrlde

‘hen” added dr opw se, and e result

(4.79 g, 126.3 mmol) cooled tec 0°C, and the mixture was then
stirred at C°C for 1 hour and then stirred at room
temperature for 2 hours. The mixture was cooled again to 0°C.
Ethyl acetate (55.4 mL), water (44.7 miL), tetrahydrofuran
(83.1 mL), and sodium fluoride (53.0 g) were added thereto,
and the mixture was stirred for 1.5 hours. The mixture was
filtered through Celite to remove insoluble matter. Then,
the solution was concentrated, and the residue was purified
by silice gel column chromatography to obtain the compound of
interest as a colorless oil substance (12.20 g, 69%).
(132-c) 2-Sec-butylpent-4-enal

Dimethyl sulfoxide (18.20 mL, 256.4 mmol) was addec

dropwise over 15 minutes to a dichloromethane (280 mlL)



powder was collected by filtration. The obtai ned

powder was washed wi th dichl oronmethane to obtain the

compound of interest as a white powder (0.70 g, 430).

[0121] (Exanple 15) () - | (1S, 5R 6R) -6-am

nonmet hvl -3- allylbicyclc 'L 3 2. 01 kept-3-en-6-yl]

aceti c acid (exenplary conpound No: 14) (15-a)

4- Al'l yl hept a- 2, 6-di enoi ¢ acid Lithium al um num hydri de
sol@t 7dan gof 20xahbt) avas adileditie (act &Or ahydaf.ar &mol) cooled

solution (30 nmL) of ethyl 2-allylpent-4- ene-acetate
to (2797 g,arkB. theanmil - winelevas cehenos t hgreandtt R@s°c for 25

,Mmxture was stirred in this state for 1 hour. To the
mlﬁ@BeSre&ﬁHWQﬁﬂ%ﬁﬂﬁkY(nﬁ @lahhpremebdansodi bmmhydsoxhdéon of
. sol ution. g S added and the m xture was

T3ETT %HyaP ?Bon1 Pefperat dfe 2Pof 1 SRolr Maed It Wes added

filt th Cel The _filtrat di | uted
G Gt hERGUT A B0 SEP FndUaRA e AT BCE: S0 TaP Sepae i Lrred

d The
R e
ad@@@yngHélggg éEQEbSBb%§t§ mandLhe %SJNQQ} Wa%ure was

distilled under uced pressure.

tndhcbtgfegataaneogﬁlabm@aré%QranEbrOE %@@gﬂ chhorhdgrure
(1.6 nL, 13.1 mmpl) was added dropwi se to a

wasli chhorabktbaneishl ot NORyEEQchilbrot digtet hyd1 cswrfioxi dge
(2.7 m, 19.5 nmol) under cooling to -78C. To the
orgeacti bayesolati dnjied divehl anbiyetrbare mabhhadiuns lultfia@re .
of the above- obtained residue was added, and this
Theqxt the dasventrvwed dfistil8€df orf f1umcigr. rEaiudesl pressure to
reaction solution, -riethylamne (7.1 mL, 52.4 nmmol)
Obméénaddéa LaNdOE he SHPREGRESWRS St FEEGRIA Cqrogmning the
erature for 1 hour. 1 N hydrochloric acid and
co@ﬁ? Fat ed §8Frﬁ§smereT%d%eﬂoWﬁ%ﬁ%@o“aﬁopﬁéﬁedrbyh° next
with ethyl acetate. The organic |ayer was

regx£ CtWQD ou u e i
Sh2d Wi th Ea?u%gged $ar e PR TtYéM dri ed over
(1§Dgydﬁ89§yﬂagnﬁ§bgg&y—4—sec-outylhept—6—enoate

2-5ec-butylpent-4-enal and methyl bromoacetate (15.74 g,
102.9 mmel) were prepared into a tetrahydrofuran (25 mL)
solution. An aliquot of approximately 1/5 of the amount was
added to a trimethyl borate (25 mL) suspension of zinc powder
(6.73 g, 102.9% mmol). The mixture was heated to 80°C. Then,
the remaining solution was added theretoc over 30 minutes, and
the mixture was then stirred at 80°C for 2.5 hours. The
mixture was allowed to cool, and glycerin {25 miL), a
saturated aqueous solution of ammonium chloride (25 mlL), and
diethyl ether were then added thereto. The obtained organic
layer was dried over anhydrous magnesium sulfate. The
solvent was distilled oZff under reduced pressure, and the

residue was purified by silica gel column chromatographyv to



sul fate, and the solvent was distilled off under
reduced pressure. The obtai ned residue was dissol ved
in pyridine (2.3 nL). To the solution, malonic acid
(1.55 g, 14.95 mol) and_p%nrolidine (0.43 nmL) were
added, and the m xture was $tirred overni ght at room
-enperature and further stirred for 6 hours under
hea-inc to reflux. The m xture was allowed to cool,
obtaien tdid waepbawind @f 21N egpieouss sedieilbydooki debstance
solution, and then washed with dinethyl ether. The
(l4&dfieslts 78%lyer was nmade aci di ¢ using concentrated
hydrochl oric acid 104 wunder ice cooling, followed by
(13558)r atth Yo At T S PRt et mePt -6 TRROBFgARLE | ayer was
wash wi th saturated saline and dried over anhydrous
mg‘ﬁgg‘iydmt3§ﬁyf3§toé’?y"ﬁw'esesco'l%:rifl}?/\%%t'd?‘s?ri@?*‘e%l (b}§40 g, 67.2
mmolﬂﬂd%r Sre.lusced]a‘par ssure %o obtai n the conpound of
it €191 SR 2 pal B yRI f ol BPF2SEbelaRyerpridg-gethanol
789 (ARyd),-Tert-butyl : et
sl on ORI VT CYRs ofaLut i Relfesatahered =t room
tedbtddens _4- ALyl hepias 2, Srglienaic. agid {2 00 ¢
e ) ks A eRel ved s o peny ety gt e

undedt Wddibe DXty sugdl origde He . Qs tHuSS . e FEPI anﬂ‘@??iethyl
added under ice cooling, and the m x-L-ure was

etrsdd rweatk ithdii $dséaf eah@rcHe hagheolBelafext YEE WAStralized
further stirred at roomtenperature for 30 m nutes,

wittthéh themtdatb¢inl 80 antdst iDisthfbrethdwowas Theded thereto,
sol vent was distilled off under reduced pressure. To

ang e regdafies laverneapadraddedyeandnhiidrsokveagneasun
distilled of again under reduced pressure. The

sukigsitiue ThES didsol sl s wat udhet Y Ped 9L f Thder reduced
sol ution s _added dropwi se to a  toluene solution_ (30

PrERAULt 14 iUtHytanthe C4TAIURS 43 bBTCRASE) et YALLAW oil

advance refl ux, ;apd the mxture was further
Su%ﬁ???%ﬁi#%%‘g§5gho%?§9'The reacti on sol ution was

SRR ot AP MDA o

fi IHJ- 8 MRS acetate (14.90 g, 151.8 mmol) was added to an
acetic anhydride (71 mL) solution of 3-hydroxy-4-sec-
butylhept~6-encic acid (12.70 g, €3.5 mmol), and the mixture
was stirred at room temperature for 1 hour and then siirred
at 120°C for 3.5 hours. The mixture was treated with ice
water, Iollowed by extraction with diethyl ether. The
organic layer was washed with a saturated agueous solution of
sodium bicarponate. The organic layer was dried over
anhydrous magnesium sulfate. Then, the solvent was distilled

off under r

D

duced pressure, and the residue was purified by

—_—— T

sili

[
Q
vl

ge. column chromatography to obtain the compound of

interest as a yellow oil substance (6.70 g, 64%).



separated i nto aqueous and organic |layers. Then, the
organic |ayer was washed with 1 N hydrochloric acid
and saturated saline in this order, then dried over.
anhydr ous magnesi um sulfgtg, and then filtered. This
filtrate was added to a re étion sol ution prepared in
advance by addi ng sodium hydride (>65%o0il, 457.1 nyg,
12 mol) to a tetrahvdrofuran - 105 solution (20 nli)
(130fg)t drartotiutt y di et-hokypHosphdr yéacktayEoi¢3c 03[y, 2128 hept-
mmol ) under ice cooling, and the mxture was stirred
3-eore-I Heiane e st v et/ vasigiere) I'ed of f under
reduced pressure to obtain the conpound of interest as

a pal-& Yeer BT Bubstafee (TBE RN 160, Tz buctyl

._mxture). 15-¢c) Tert-but - 1S, . 5R, 6R .
a1t tiospt i faemet v § b Gvel o 85 w1} vad hdded

V§§i1romﬂlnngicypl '3..2. 0] hept-3-en-6-y-] acetate
ATORILSE i Wi (P VSH(1°8, TERITEE 41T A iy dy e uray) (15 mi)

susgqea‘?{sri%r‘?rbf_ 65041 b feneaceiat fg(ﬁg?é,%s% ng'%u%\]g%%)' and

i ssol ved 1 n nitroner hane To the so

thel'n%:ﬂﬁmé;%gé{){érgd 0] ungtec-4s eng, &%@%ﬁ, 3 TRl

was added, the mxture was heated wth =~ stirring

soldit 2h 1 0 60G F O ydrbours. The Rixtupe wWasras=l ewed 1E05g) _
cool, and a saturated aqueous sol uti on of pot assi um

3 - i dnyllrogen phosphat 2. WasepheB-addédohbernet s §ol Loewedmmol)
by extraction with ethyl acetate. Then, the organic

wad aydtedvasromivi #d aved°Griwgdr dLSs magness unnswfatei xture
and the solvent was distilled off under reduced

Waressifec Therpeli beepowstupar fpred bypuspli cBhegehixture was
col um chronmat ography to obtain the conpound of _

Treaftt et tRAsARehI o @ﬁsgwwbgu%t‘-éﬁéélesev.l@nrrg,letnyl ether.

Th600/ii/. (;S-d% O - [,(1S, 5R,V6R%,-3-al I%_-6- , .
S IR WYY BT oYt of 3222 0 Y REpRRBYEROBSy B gREET EIg Sl fate -
ert-but - 15, SR .6R) -3-a=lyl-6_(n_ _ .

Thelt ot T EEBh Yol S oSO heRE, ObA. ETGHF] aedbard passssTe

an&mhhe1ﬁ%§%€“@'®a¥aﬁug£§§gévﬁg E@l?%gaagh g%?uﬁk) and
wat er ?
chromatography to obtain the compound of interest as a yellow
oil substance (3.10 g, 78%).
(13-h) Tert-butyl (x)-{(1S,5R,6R)-6-(nitromethyl)-3-sec-
butylbicyclo{3.2.0]hept-3-en-6-y.Jacetate

Tert-butyl (+)-[(15,5R)~3-sec-butylbicyclo{3.2.0}hept-3-
en—-6-ylidenelacetate (3.10 g, 11.8 mmol) was dissolved in
nitromethane (3C mL). To the solution, 1,8-
diazabicyclo[5.4.0jundec-7-ene {(2.20 g, 14.5 mmol) was added,
and the mixture was stirred at 60°C for.5 hours. The mixture
was allowed to cool, and a saturated agueous solution of
potassium dihydrogen phosphate was then added there=c,
followed by extraction with dichloromethane. The organic

layer was dried over anhydrous magnesium sulfate. The



To the solution, iron powder (611.0 ng, 10.9 mmol) and
anmmoni um chloride (57.8 ng, 1.09 mvol) were added, and
the mxture was stirred for 2 hours under heating to
reflux. The - 106 mxture allowed to cool, then
diluted with saturated salihe, a saturated aqueous
sol ution of sodi um bi carbonate, and ethyl acetate,
and filtered through Celite to renove insoluble
sokegervaghéi$tllied ecfAsusdpar acddcent presgames aand the
agueous | ayers. The organic |ayer was washed with
TeSHIYR ated Barihécaneyt hehldri edlogaroanhpdrepsy to obtain
magnesi um sul fate, and the solvent was then distilled
thef FORRQRRY r SHUERHET PP Es3Er 8. YTelPHe ChesiSubetaacs N3.28 g,
8,hydrochlor|c acid-ethyl acetate solution (10 nL) was
added, and the m xture was stirred at room
enperature fo 0 he sol vent was
l%'%t'f?ﬁa %?fyLnE%¥ réaﬁcg Bﬁi_guﬁgln?ﬁétP¥§léuéeﬁas
busyﬁpeng@fiow sli ghl, oronet hang WyT?aLQ%a%HSpe”S' on,

r|ethy am ne was added drop the resultlng

s Codest 66 by T4k £t on. hen, eshed w i

dlchloronethane en dried

bu@pnmp@pdl@t3lmte[ﬁébras apM@Ly@Ja@ewﬂeB (8828 Y. 10.2 mmol)
289 . [0122] (Exanple 16) () [ (1S, 5R 6S)
was 6dassodnet hyh- Schardhylbbcyth o[ Bo2the soliution, iron
0] hept - 3-en-6-yl Jacetic acid (exenplary conpound No:
pogiey 164 a}7 EvhyB 020 nenby ) - 3ndxthept 26- enoabesEahytlonium
2-net hyl - 3- oxobut anoate (10 nL, 70.7 mmol) was added
Chagpphaf 60t 54 afi- ahPy@r BUS.{ eSPAkYdEsf UPANTEUS persi eridekd, and
sodi um hydride (2.83 g, 74.2 mmol) with stirrinc under
the B XTobfi HgS TherRPRt aPe s SPHFPedrrsr DSafimgt 69 reflux.

in this_bath. h@era Eﬁ%Lllthlun] (1.59 N hexane
Thg tF FORS W8S 32 HOWes. 10 1) 2R&s tadded L1dr6pRcs & hrough

colfEtelg: -t nE TLILSE Yok buri et BLLLLeE 1oL %0
concentrated, and the residue was diluted with ethyl acetate..
The dilution was washed with a saturated agueous solution of
sodium bicarbonate and dried over anhydrous magnesium sulfate.
Then, the solvent was distilled off under reduced pressure,
and the residue was purified by silica gel column
chromatography to obtain the compound of interest as &
colorless oil substance (2.26 g, 75%).
(13-3) (£) - (18, 5R, 6R) -6-aminomethyl-3-sec-
butylbutylbicyclo[3.2.0]hept-3-en-6-ylilacetic acid
Tert-butyl (£)-[(1S,5R, 6R) -6-aminomethyl-3-sec~
butylbicyclo[3.2.0]hept—B—en—6—yl]acetate (2.26 g, 7.7 mmol)
was dissolved in & 4 N hydrochloric acid-ethyl acetate
solution (30 mi), and the solution was stirred at room

temperature for 2 hours. Then, the solvent was distilied off

-——_— i



107 mmol) was added dropwi se thereto. After renoval
of the ice bath, the mxture was stirred for 2 hours,
and the reaction was then term nated by pouring
di l ute hydrochloric acid Lo97tne reacti on sol ution.
The reaction solution was subjected to extraction
wth ethyl acetate. The organic |aver was washed with
wat er, saturated aqueous sodi um bi carbonate, and

undggt retEr S fiers iRl difibed masdrdun il cusprgtesinymthe

ulfate,. and the solvent was then distilled off under

adqs-?etd&‘bo%r@g{sﬁ}r%f.omerﬁéa%%t aiTred e STHRRE VECur i f i ed

by .silica gel colum _chromatography to obtain the
Cr BRI T st 2057 paf VST oBRei FRE7o67ug5 ing

L6 thyl, 3:-hydroxy= 2- met hyl hept.-6- enoat e Sodi u
bo or‘o?yadgi%%‘](ftégg?y 65- 7 1o ?n\'/vas*rh“doogﬁtatjon‘ag Dowder was
- Qls ( Q 1 B Q f . Iy - : -
vadfidapoly (200, o SOUMILON 81 GBIV, cne compeenc 67,
intiddddd Nk UNARL: 4L GAE NGy od e MExiure was stirred

for 30 mnutes in this bath, further stirred at room

[ofxgperature for 2 hours, and then concentrated under
reduced pressure to renove the solvent. The residue

(Exveaso 0B | uhed(wit h 08 | i echy-ds-oghl 9shecagi dz- fol | owned
by extraction with ethyl acetate. The organic | ayer
cy wWasp avashigel awe Yo Wat 2rQ ] sepur at ed-agquedasesadi amid
bi carbonate, and saturated saline, then dried over
(©ER7MR-eR DU SC PrEIRPIEsE M9 sbbfate, and then concentrated
under_reduced pressure. The obtained residue was
(LG5i/ 7 5l by STYFE@PYRT Y EREURT4 ~8RPBREL 0gr aphy to
obtain the canpound of interest as a colorless oil ~
( 6. FEFTgRm o%k% I HarPxy2 2- et hyTept -8R enbiesaci @- 76 mL,
. 108 hyl _ 3-hydroxy- 2- et hyl hept - 6- enoat e ( lg
4‘%%F§m;%mﬁj‘VW%Q %s%?v%dé%ﬁ“gggihFBgt8§§Pﬁn§2% m)

sofﬁ%&&%!g@'@gé@ﬁfggﬁ%§9£y&&gﬁoééggy Lalgﬂgtghﬁlgtﬁbugg 37.7

was stirred at

mmol}, anc the mixture was stirred at 185°C for 6 hours. The
mixtgre was tTreated with water, followed by extraction with
diethyl ether. The organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilled off under
reduced pressure tc obtain the compound of interes= as a
brown oil substance (6.10 g, 84%).
(14-b) 2-Cyclopentylpent-4-en-1-o0l

A tetrahydrofuran (15 mlL) solution of ethyl 2-
cyclopentylpent-4-encate (6.10 g, 31.6 mmol) was added
dropwise over 20 minutes tc a tetrahydrofuran (40 mL)
solution of lithium aluminum hydride (1.21 g, 31.% mmol)
cooled to 0°C, and the mixture was then stirred at 0°C for 1
hour and then stirred at room temperature for 2 hours. The

mixture was cooled again to 0°C. Ethyl acetate (14.0 ml),



tenperature for 2 hours and then | eft overnight. The
met hanol was distilled off under reduced pressure, and
the residue was diluted with water, then washed with
met hyl ene chloride, and th@ neutralized with dilute
hydrochl oric acid. The aquéecous |aver was subjected to
extraction with ethyl acetate, and the extract was
washed with water and saturated saline and dried over
wagthydrlous THelgnest i sydifaferamhénl . Ohel) sokuentsodasm
distilled o=f under reduced pressure to obtain the
nd of4 ift e¥yest added pelheryepl oandi khesmdgtgyre was

_(16-d)_ | . . L . .
=Sl st g s
m xed sol uti.o - hydr oxy- 2- me ept - 6- enoi ¢ aci
to(%f@ﬁ¥%Ll%ﬁﬁ%§%£%lT?t %?as?ﬁﬁﬁ%a€5¥%t%g%@?{P@,w?ﬁ.3
..and aceti.c anhydride (30 nmL) .was stirred at .
Coéggﬁg %ﬁ%@ralagéx@cﬁe %%P%oﬁ%g Bﬁalfﬁgﬂ é?i?ﬁéacﬁoﬂeé

coNOW S-inder- sondit i ops oﬁabﬁ%hggcﬁgp&tﬁﬁg%c The, e

reaction solution was |l e overnig n-di ruted-

coMbilesd i) asesalencuashedy Wl hopgler. st urat ed

aqueous sodi um bi carbonate, and saturated saline, and
(14-hen 2Hd e averc anbyds ousemagnesi um sul fate. The

solvent was distilled off under reduced pressure, and

t h@iokttaiyieduiresidie WASPuLfiel. Dymsbl| cRzgebddec

col utm chr omat ography to obtain the conmpound of.
dropierestvers B pateuyes| ow @i H1i¢BlOrpgptneh6- )5 mL)

Tert-butyl (-) - [ (1S, 5R) -5-nethyl-bi(_-oulo [3.2.
solytifaptox Pxehi6-yridenrlontdeat é- Al gnhydrgusmol) cooled

tetrahydrofuran solution (2 m.) of () - (IS, SR) -
to met iyl bid&c 56YS3 ML 0] Wep twax: e SR ofiel {809 af, — 6855 k09 30

.nnpl% MQ§.aqgeq= ropw se wi.th stirring under ice .

TS0t n 52 ety orft o Ut OFPT epared (£ 1. Bdvapeeution of

_from an anhydrous _tetrahydcofyran lution.(10 nL) of .
2 TyTTfékﬁék{yﬁ?ﬁe?hpr o%phggych@faég'?1@§§lg,Wé?Séddec

SR e Atk S0di umy, - hydEi (z83% ai k. 245,19, 6.55 s
d ?%ghgé?qgﬁggfﬁegﬁfgtU?eﬂﬁggévghe%hétiﬁéegq%oP‘f AGar S-+tres
at 1M s patdy apd, furd herm Sticifadathe (16.11 g, 159.3 mmol)

was adaed dropwise thereto over 5 minutes, and the mixture

s

a a

[4}]

was then stirred at room temperature for 2 hours. The
mixture was neutralized with 1 N nydrochloric acid (16C mL).
The organic layer was dried over anhydrous magnesium sulfate.
Thern, the solvent was distilled off under reduced pressure to
obtain a yellow oil substance as a mixture containing the
compound oI interest. This compound was used in the next
reaction without being further purified.
(14-d) Methyl 3-hydroxy-4{-cyclopentylhept-6-enocate

The 2-cyclopentylpent-4-enal obtained in the preceding
paragraph and methyl promoacetate (4.22 g, 27.6 mmol) were

preparec into a tetrahydrofuran (12 mi) solution. Arn aliquo:



roomtenperature for 2 hours. The reaction sol ution

was diluted with an aqueous citric acid solution,

followed by extraction with ethyl acetate. The

organic |aver was washed _wigd water, saturated

aqueous sodi um bi carbonate, and saturated saline and

dried over anhydrous magnesium sulfate. Then, the

sol vent was distilled off under reduced pressure, and
of (3R bt ARl ¥ esl duel vialke paRpRREdwWBy sidfecatgek tolimerhyl

chromat ography to obtain the conmpound of interest as a
borgfi%or | v Mol | SEeMRERHYe PB891RE) POREET= () - $ér 8- bgfly mmol).

e () .-¢ 1S, 5R, 6S) .- 6-cyano- 5-net hyl - o o
TR ITYE %{%.@%]%%%‘f@%-%%- Oyt adétedtre Thrertodnyiing solutior
=)l 5R) - 5- met hyl s bi cycl p[ 3. 2. Q| _hept-3. ,
wad Aaddd 3l te Y S8 RV RNEL S, Sarhisrs” I dtpseazaruinen
) i de. . | i X, t i .

s (AL I8 (P 28 TR R Gt B e e o
codnd dhe &M xti e, Wag mﬁylr£eg?E9Ea%eﬁoﬁhﬁsgggf%?Qggi%%tof

overni ght.” The m xture was urther stir

ammi®igm | Ch Bor Odd bathnpl 408 andrhRenecheft yaver Rhght added
The reaction solution was diluted ™ with ethyl acetate,

thd heto washed adddinamaterganc: seayeat @ds sali 8@, oadd anhydrous
dried over anhydrous magnesi um sul fate. Then, the

magns yewn swasate st iTHed offenindeas rédatetll pdessiirendand
the obtained residue was purified by silica ge

regote@mPEhe onae ogaaphyhe oregddusbwaisn pilre feempoyngd idfica gel
interest as a colorless oil (128 ng). In this .

CO R ettt ¥2 BOBY 2 BR Bdbet OPeREIbHER COTPPULS, SR 8RFEgeSt as a

oY% TEhuL Bl evel o g, 2 Ogpt & en-6-yElace e
LS Ay AR P s 5 o1 e

C e slpelas st umboancLoe (At oSt
17 M) me8h U498 Qi sE8My2BUtYl 2 2 N potassium hydroxide-
methanol solution (33 mi), and the solution was stirred at
room temperature for 1.5 hours. The solvent was distilled
off under reduced pressure. To the residue, water and
diethyl ether were then added, and the agueous layer was
neutralized with 2 N hydrochloric acid. Diethyl ether was
added thereto. The organic layer was dried over anhydrous
magnesium suilfate. Then, the solvent was distilled off under
reduced pressure to obtain the compound of interest as a
yellow oil éubstance (£.00 g (including the residual
sclvent) ).
(i4-f) 3-Cyclopentylbicyclo{3.2.0]hept-3-en-6-one

Potassium acetate. (4.16 g} 42 .4 mmol) was added to an

acetic annydride (20 mL) solution of 3-hydroxy-4-



()-[(I'S, 5R 6S)-6-cvane-5-net hyl - bicycl o[ 3. 2. 0] hept - 3-e
rr-6- yl Jacetate ( 125 ng, 0.51 mmol nickel (I11) ~
g, ) ~~ _1 ~ chloride hexahydrate (12 ng, 0.05 mmol),
and (Boc) 20 (221 ng, 1. 01 4 ) with stirring at
roomtenperature, and the n1x ure was .then stirred at
roomtenperature for 2 hours. The reaction sol ution
was diluted with ethyl acetate and saturated aqueous

CY SR b ep bofrR o Bhde ¢ ¢t éfeB0t 6, r hpVeminasoRtibkle
natte Then, the organic | aver was washed with

ma iR at RS aF Fh BRI R VRE BveFrafhydr 5aSTsbamgRrature for
sul fate. The solvent was distilled off under reduced

1 s sane, ~erl SHeTFeSi diel RBSC mm%@ohcblyr%i | i gelxture
{ hy, 1 bt t
Wascﬁeresqyggﬂg 2% DY%ESCOFT a gs? n%@cg%ggg"—}on with
=L (1 R, thy: -5 R
dl {:]) of% ‘LZ( né%ptoaf?anq’am#ﬁe e aC| dé#erf “Hu yPapyrated
acd°$L£1§El§¥So§S% -85a{tfr b carbonate organic la¥er

bu- . oxycar bonvl am nonet hvl ) - 5- ne- hbe|ccho[3 2. 0] hep

was defe®-ovbl ageh i £o13 20a§He sQuisd siMBkreWasTHE s SOt ¥ed
in a4 N hydrochloric acid-ethyl acetate sol ut { on (2

soltgnt angs t Bes= 5Dl el | OAf Wasdstli Feedcat peeBstieapetaburee
for 3 hours and then - 111 -. concentrated under

res e edapressiuf eed The sedideegeds codussokhedmanography to
met hyl ene chloride (2 nL). To the solution,

ob*tﬂréthwaﬁmﬁowdoqs ptegess mADE) v@as oad@éd GuppHiasee

roon1tenperature and the m xture was stirred for

ZZJ%O%rs %The resulting powder was col |l ected by
filtration and_dried to obtain the conpound of
?n?ér%sf a8URYhhi¥e~ §695d35223ng) [0123] (Exanple

TRURST b bYRF6T 305207 nEBCBLan BroIT destre sdergtace (/2

gplary conmpound No: 3) (17-a) Methyl
ml%Eéfthyl 3- hydr oxy- 6- heptenoate The title conmpound was

obtgined- as, @ Bhtasubst aRte (3:1€tion of tert-pusyl
dimethylphosphonoacetate (3.21 g, 14.4 mmol) was added
dropwise at 0°C over 15 minutes to a tetrahydrofuran (15 mi,)
suspension of sodium hydride (.59 g, 63%, 13.7 mmol), and
the mixture was stirred at 0°C for 25 minutes. To this
solution, a tetrahydrofuran (15 mi) solution of 3-
cyciopentylbicyclo[3.2.0]hept—3—en—6—one (2.30 g, 13.1 mmol)
was added dropwise at C0°C over 10 minutes, and the mixture
was stirred at room temperature for 16 hours. The mixture
was treated with water, followed by extraction with diethyl
ether. The organic layer was dried over anhydrous magnesium
sulfate. Then, the solvent was distilled off under reduced

pressure, and the residue was purified by silica gel column



g, 33% in the same way as in paragraph (10-a) using
3-nethyl -4-pentenal (5 g, 59 mmol). (17-Db)
5- Met hyl - 3- hydr oxy- 6-heptenoic acid The title conmpound
was obt ai ned as an oil subsg E (2.23 g, 749 in the
same way as in paragraph (1 ) using nethyl
5 nmet hyl - 3- hydr oxy- 6- hept enoate (3.4 g, 19 mmol) This
onpound was used in the next reaction wthout being
Chﬁam?FP%aap%n7t%)Obﬁaﬂnbuﬂ§|cewvoue@soLsmpt rest as a yellow
nethglblc clo 2 . 0] hept-3- en-6-ylidene]
OlacéFQFE Ife ¥rtﬁ@ Bonﬁgﬁhd (zrmajor:rrinor 3 1 E/Z
ned as_an oil substance %
g

1%155 ?° h%us%ge mby as°7 PR ﬁg?aéréBHLEPQEGPY&él
t d _(2.23 14 |
cySLfRLRTk LD ?9%?%9 PIREBNPSE AR vaRE S e nyi o
t t.hyl | | t 1
O B LR T p—
3-8R-6001 i gabst aRseatd bPe3§aGE Way pagmol | P29 BRR 61 ved in

(1-c) using tert-buty

nityohbSa&i} - [ 20 mathyl br 6yehd[ So 2a01 bgpt 1 3g€n- 6-
yl i dene] ace-,ate (1.9 g, 14 nmmol ). (17- e) Tert - but yl

dig}rabify€lS[SO5R, 06Bhde6-7(kaEL -(2.20 g, 14.5 mmol) was added,
but oxycar bonvi am no) net hyl - 2- et hyl bi cycl o[ 3. 2. 0] hept -
an@- ene6miytujeawetateitiedt atl €0onpound (2udsg, Bmixture
was obtained as an oil substance in the sanme way as
wapnapaPugiaph €80a) @sidng serurapegdykaliecus] sEIStiSR, of
6R) -2-nethyl -6 nitronethyl bicyclo
pokaésBFﬁeﬁ%n%déﬂgépyEPﬁééﬁéﬁé WeSgtgeng apded fapsimeto,
fo&é D% é% %18 5R, 6R) - 6- %Whno t hyl - 2-

PR bPEYT bf%clePhé’ﬁr &fr! OSFP}“‘&C@@PS -acfFge organi
layer was dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel chromatography to obtain

the compound of interest as a yellow oil substance (3.50 g,

(14-1i) Tert-butyl (£)-1(1S,5R, 6R)~6-aminomethyl-3-

cyclopentylbicyclo[3.2.0]hept-3-en-¢-yllacetate

Tert-butyl (%)-{(1S,5R,6R)-6-(nitromethyl)-3-
cyclopentylbicyclo[3.2.0)hept-3-en-6-yljacetate (3.30 g, 9.8
mmol) was dissolved in ethanol (60 mL). To the solution,
irorn powder (4.47 g, 80.0 mmol) and then an aqueous ammonium
chloride (0.54 g, 10.0 mmol) solution (20 mL) were adaded, ana
the mixture was stirred for 4.5 hours under heating o reflux.
The mixture was allowed to cool and then filtered through
Celite to remove insoluble matter. The solution was

concentrated, and the residue was diluted with ethvl acetate.



The title conpound (major:mnor=3:11, 0.68 g, 520) was
obtained as a white powder in the sanme wav as in
paragraph (3-b) using tert-butyl (1)-[(1S, 5R
6R)-6-(tert-
butoxycarbonvlanino)nethyT-%Qﬁefhylbicyclo[3.2.0.hept-
3-en-6- yl]acetate (2.3 g, 6.7 mmol). [0124] (Exanple
18) () - [ (1R 5R, 6R) -3- (acetoxynethyl) -6-
The aoi honetmvia bi egshed3win CA heptirdter- Gaueod@esotution of
acid (exenplary conpound No: 16) (18-a) Ethy
so@Ly dvbxgridctift 4- apthdxybeneyty oryhyetroyls} hepthesium sulfate.
_ 6-eroate A nethylene chloride solu-ion (10 nL), cS
Thent adnfensOoteePactkiper faec{bled aff 8r@@mMmsducandpfessure,
t hoxyviny') oxv] (trinmethyl) silane (j. Fun. Chem
anéo{\?e 2@?%{‘1‘133‘”3?[28}”5@’4%‘? Ressadded 96la cedtyl ene
oride solution

hl 80 ni f
Ch%é??%%95%?%%x§8eﬂ?§ﬁ}8x§%ﬁegﬂm9PF65nPj4i€ﬁ§FeSt as &
cofo-rlef[l@?gff’n'ubéﬁ'é{ﬁggtré’,@@m’ 12,,3223) (1.98 g, 8.46

Mol ) wi th st g at=:

IFfrrn C?’and°the m xt ure was

stivred a I Spt erature fo .5 hours. The
(lieﬁctﬁg% &é%gt%$h§%gtéda%ﬁn?ﬁ%Eggéi?ion of a

SRR el agyeeyssol bt hop: 0b-saduhi-carhanate (100
cyn1_) and water (TOO nL;, ollomedoby gftrgg?i%ngﬁith

metiesengt whl of)i-de( 1 TheR, Qand Carh 84 Ehe ¥R WEShed wi th
a saturate aqueous sol ution of sodi um bicarbonate,

cywateent whdi satloaBed. 0satbnesasd-drived ae¢ertanhydoous, 6.5
sodium sul fa-e. The residue was filtered and

mmebnceds rat edolnddr ineduéeld pyessunéoritemcidt-kehyl acetate
obt ai ned_crude product was purified by silica ge

soketimm (Threhat oghaphjet sobbEtabPn the conpoendacf room

‘ interest as an_ojl substance (1.31 g, 48%. (18-b) _ )

SRR 0% - 42T [ € ARRBERoxyiB&Hzy | Yok yF At Api} Kept dbsehbled off
gcid The conBound of interest was obtained as an oi

under reduced pressure. The residue was suspended by the

addition of dichloromethane. To the suspension,

triethylamine was then added dropwise, and the resulting

powder was collected by filtration. The obtained powder was

washed with dichloromethane to obtain the compound of

interest as a white powder (0.70 g, 43%).

[0121]

(Example 15) (£)-[(1S,5R, 6R) —6~-aminomethyl-3-
allylbicyclci3.2.0lhept-3-en-6-yllacetic acid (exemplary

compound No: 14)
(15-a) 4-Allylheptea-2, ¢-dienocic acid

Lithium aluminum hydride (0.74 g, 20 mmol) was added to
a tetrahydrofuranr soluticn (BO.mL) of ethyl 2-allylpent-4-
ene-acetate (2.20 g, 13.1 mmol) under ice cooling, and <he

mixture was stirred in this state for 1 hour. To the



substance (1.20 g, >99% in the sane way as in

paragraph (7- b) from et hyl

3- hvdr oxy-4-{[ (4- met hox vbenzyl)oxv]nEthyI}hep--

6-enoate (1.31 g, 4.06 nnolao3(18 c) Tert-butyl (=) -

[ (IR 5R) -3-{ [ (4-

nmet hoxybenzyl ) oxvj net hyl } bi cyci o[ 3. 2. A hept - 3- en- 6- yl

i dene ] acetate The conpound of interest was obtai ned
reggtaptobplusiypst aack ¥ 1aQ0egus6S¥dium hiydrsatelenay las ion

aragraph (7-c) from

<l%-1ﬁ£ar ¥2§- addpda- aRe heRg bRAXFIEX Yawe Shy kX eepEt6 remai ¢

acid (1.20_g, 4.06 mmol ). 114 (18-d) Tert-butyl () - _
tan?iﬁ usg I8§)l Bour ?n@4then filtered through Celite. The

t thyl)b 3.2.0
?ﬁ%%?éygggﬁ%l§f¥éaw§t %aw%%é@hﬁ?é&a%& ab‘é{é‘ééfl aretate
bst in
an@bégﬁaggtgé ?ﬁ* a?%ﬁ%g % a%%eo& ggyﬁrﬁutthF)oranlc

la\QJ-B ng) wgsﬂxeﬁ Lllg,# S%yi.lf%x_ec. Sa[lé_nf S]I‘llg]lep”'l§de OV, I

et hoxybenzyl ) oxy] nmet I cyclo n-

anﬂ%dﬂgﬁg]ﬁﬁ@hé&@uﬁlsggfgtaz 88 dMRl) 50 18n8) I tRULl oy
(J-T(1R 5R6R)-6-{L(

of butndyearbanykrapraetaethyl 4 -3ith{4rometnane solution (20
met hoxybenzyl ) oxyj net hyl.} bi cycl o[ 3. 2. 0] hept - 3-en-6- vl |
mLacef absaThe cbippudd of . Enter,esB.wasroht alvaed sa%ied dropwise
o--"-L substance (1.19 g, >99% in the sane way as in
ToparagrhphreBethyner ol tei bnbutlyl ml-)- pf- dimetRy15RulGR)xide
-3-{ [ (4 o
7n%tmbxv@éniymygky]ne@hylpo@l@m@tK@neﬂﬁyt)bH@ycuMéEkéb&kion
hept- 3-er _-6-yi]acetate (1 02 g, 2.44 mol). (18-f)
rfOButyl defnw@mt@asﬁ éﬁ) - splutiper pf the above-
but oxycar bonyl ) am no Ay . e
Ob%%yﬂ?bx§ﬁ§rﬁéﬁ)B?Eyﬁ%geé Za@Fhéﬁﬁvsmeﬁt@ ¢l PacetSatigred at -
(1.4 nmL).and 2, 3-di chl oro-5, 6-dj cvano- 1, 4-
et St ndPE (83F mie §@§§ﬁﬂﬁ)s%é+fel%ddeomt%daylamln°

(/n?tﬁﬁleg§.4 mmol) was added, and the mixture was stirred at
room temperature ifor 1 hour. 1 N hydrochloric acid and
saturated saline were added theretc, followed by extraction
with ethyl acetate. The organic layer was washed with
saturated saline and then dried over anhydrous magnesium
suliate, and the solvent was distilled off under reduced
pressure. The obtained residue was dissolved in pyridine
(2.3 mL). To the solution, malonic acid (1.55 g, 14.95 mmol)
and pyrrolidine (0.43 mi) were added, and the mixture was
stirred overnight at room temperature and further stirred for
€ hours under heating to reflux. The mixture was allowed to
cool, ther diluted with a 2 N agueous sodium hydroxide
solution, and then washed with dimethyl ether. The agueous

layer was made acidic using concentirated hydrochloric acid



chloride s ol u-ion ( 25 ir:-W o= tert-butyl Z - )
c(4-
‘met hoxybenzyl ) oxy] met hyl } bi cvel o] 3. . 2. 0] hept - 3-en-6-v1l
]aceta~--e (1.19 g, 2. 44_n11§ﬂ ) with stirring at 0C
The mixture was stirred at~this tenperature OC for 1
hour and further stirred at roomtenperature for 1
hour. Then, the reaction was termnated by the
ungeidi t¢oncefl imsativhtesedqoueoest tdstisnl wtitandebthyl ether.
sodi um bi carbonate, followed by extraction with
ThegeHgakhe et ives Whehedgeahib bayerawas waihed whnthdried
water, a saturated aqueous solution of sodium
OV cArbYIEN S TARReShiyrankdatal i nehandlvéed everdistilied
cgn‘gl)(%argui odiumsul fate. The residue was filtered,
O any LONCETH AR P UNURI I F etlocettapressfir eompREAd Pheinterest

. obt aj ned crude product was purjfied b ilica gel
a3 c%l ﬁérlrge c%?%l&‘f o%)]r"apﬂp?tba%‘ﬁgai( #1 Eegcgﬁﬁ%&nd of )
i nt er s .an ojl, supstance. (57 , 649 . (18- 1) .
(léﬁ%ﬁéfgéﬁfb%ﬁgi_%;)Y§§§1%§bﬁé%ﬁ§#¥fg%gycf%[3(2.O?Leéulg—en—
66—k amaooethyl ) bi cycl of 3. 2. 0] hept - 3-en-6-yl Jacetic acid

he conpound of interest was obtained as a white solid
(852, 1m0 rAMa 120 et SRR, VY &4 NoPE AL AP D) was
from tert-butyl (tert- butoxycarbonyl)am
diswo] ved it }beizene (5 miL). To the solution oxalyl
(hydr oxymet hyl ) bi cycl o[ 3. 2. 0] hepr ~- 3- en- 6-y1 ] acetate
chioybdey(7. @ 75 nblJ mmpDL26ks é&Aaaplhed?) ick cobling, and
(IR, 5R, 6R) -6-am nonethyl - 3-
The et Rowyereiay | 9bieyed oBn 2 0l hebpet 8- Enr6lyhpacet i The
cacid (exenplary conpound No: 17) (19-a) Methyl
MLADEYE 4WE§ {q@ﬁqer Stirred at room temperature for 30
. butyl (di methyl)s-1yl] oxa‘/c} met hyl ) hept a- 2, 6- di enoat e
ML et hy PRSI HoxF R ¢9. 59, 266, SEiid Was addedr t o Then,
cndel hy\lﬂgnl_e v?hl oride. fol ytiop (70 m) of oxalyl chloride
(27827 e, "33, 2 tmbt J % The sEPPFT ngeaPce¥geresidtene T the

reQiéﬁ@fetgfﬁéne was added, and the solvent was distilled off
again under reduced pressure. The residue was dissolved in
toluene (20 mL). This solution was added dropwise to a
toluene solution (30 mL) of triethylamine (4.41 g, 43.68
mmol) heated in advance to reflux, and the mixture was
further stirred for 2.5 hours. The reaction solution was

allowed to cool, then diluted with saturated saiine and ethvi

)

acetate, and filtered through Xelite. The filtrate was

(

separated into agueous and organic layers. Then, the organic
layer was washed with 1 N nydrochloric acid and saturated

saline in this order, then dried over anhydrous magnesium

sulfate, and then filtered. This filtrate was added to &
reaction solution prepared in advance by adding sodium

hydride (>65% oil, 457.1 mg, 12 mmol) %o a Tetrahyvdrofuran



stirred at this tenperature for 5 mnutes. Then, a
nmet hyl ene chloride solution (30 nL) of 2-({[tert-
butyl (di methyl)s |yl ]oxy}nmethyl)pen--4-en-1-ol (J.
Chem Soc., 116 Perkin Tr 1 1991, 2073) (5.10 g,
22.1 mmol ) was added thereto. The m xture was stirred
at this tenperature for 15 mnutes. Then,
triethylamne (12.3 nL, 88.4 mmol) was added thereto,
s0 lavkd athd 281 Rllr & Tigss et ey t ol frvohnoeppbrapboeyhadetate
stirred. The m xture was separated into aqueous and
(3-8rg&ni ¢2 mapdr)s Widehelridied binef and Khhydisthterwes
acid, The organic |ayer was washed with 0.1 M
STIFF o HNTort EOME -d, TWat &0 Veartd vkt (ot ekl ked i ofef er
n, dried over_ anhydrous magnesi um sulfate. The

he
re%%%ﬁ%mﬁ?%ﬂi&ﬁ%|%%u 41y CUncemMPAred GhdértrEdtEeds @ pale
Bressune, d the optained residue vas. dissolved in
yei@éﬁbéﬁé’ é@ﬂﬁf&}A%oaiﬁ%ys uf?%h,ﬁ/ *xLureg.

(jf%¥§g§2§¥gﬁﬁgﬁ?y;ggtgy qu%{g%ghggyéfgggphorane (11.1

ed,” and the ™ réd was stirred

(niddronRemy 1l eResatdir e, £ o5 e hous se ang_{urLher ssLirred
at 60C for 2 "hours. The reaction sol Ution was

comgeetsa&gg ynger 1eduged_Anesre, cthen Jidfered s oo

through Celite, and concentrated adain under Teduced

y1igleessaeda tEhelt, . dheg ol ahmel) cwadedi psoduetl WAShisromethane
purified by silica gel colum chromatography to

(5 oBt)ai nTpheheospdwtd cof, iIntBerdastz adsi @ne b [ 5 sUbBhamixe-~-7-ene
(5.69 g,. 910). (19-b) )

(0.(42eynlsg- (3 moesrk)- biry| diadt g sthel hoxyhmet Wgk) heptad with
2,6-dienoic acid Lithium hydroxi de nonohydrate (2.52

STIFTIBE Gt )t el Cadped Tt dictrs.  The mixture was allowed

N tetgahyd&gfuran;pethanol:mater %3%1L1’ 10Q .nl) m xed

O SC&O /| fa rﬁﬁma‘i%)ag%m(s{ CPé}lt.lOD Or poOtassium

aii Iyg&g;qﬁgy l)silyl ox.%geth Ilheg&a-2L6-dLen ate .

. gg.éD g, 6:8£%nnlﬁ%sa% ?h%X%TQt ETRa8 stPrigfegt oy

ex TR IAMMANG! W\ ] A O DOUr s 7rle FEACt L P02l WA LI was
was concentrate naer -

dried over anhydrous magnesium sulfate, and the solvent was

distilled off under reduced pressure. The residue was

purified by silica gel column chromatography to obtain the

compound of interest as a colorless oil substance (367.0 mg,

6

o
o\°

\
.

l‘.\

(15-d) (%)-{(1S,5R,6R)-3-alliyi-6-
(aminometnyl)bicyclo{2.2.0lhept-3~-en-6-yllacesic acid

Terc-butyl (£)-[{1S,5R,6R)~-3-ailyl-6-

(nitromethyl)bicyclo[3.2.0lhept-3-en-6-yllacetate (33

w
N)

mg,

1.09 mmol) was dissolved in ethanol (10 mL} and water /(5 mlL).
Tc the solution, iron powder (621.C mg, 10.9 mmol) and
ammonium chloride (57.8 mg, 1.09 mmol) were added, and the

mixture was stirred for Z hours under heating toc reflux. The



117 reduced pressure. To the residue, water was then
added, followed by extraction with nethyl ene
chl oride. The aqueous |aver was nmade acidic by the
addi ti on of 10@6hydroch|or|% acid, followed by
extraction with nethylene c Iorlde again. Then, the
conbi ned organic |ayers were dried over anhydrous
~sodiumsul fate. The residue was filtered and
mixomcenvzat adlowadetor edatedtpeesslidetethedtht Baturated
obt ai ned crude product was purified by silica gel .
salglenme chr oraRb§FaphyS0Bs obPain ibhe o “cewpdund bifcarbonate,
nterest as _an oil substance (3.11 g, 57% . (19-c)
anére‘?t“%f;t?/r—“ gLe, [a(@eréR?reg thropger Celite to remove
X édlﬂEth 1)s_l DX%QHE|t-Iy|)bICVC|O[3 2.0] hept -3
lqs%ﬁ R8¢ YRrd ﬁe] “het Gt ﬁ%%°cbﬁﬁoﬁﬁ8aeﬁt?ﬁteﬁé§tO%ﬁ§n*5

anéﬂgﬁééggna%g?grgglhz%%qgtancfg( aye; was wgsgeéhSLEgne

sadfededans bl herbnRutYLL LRy R L A e e

di enol ¢ aci 5 "mmol

sukﬁaféﬁxﬁné +ﬁbyg69¥¥ﬂ§tu¥g)Qh%%CHQELL%LQh off. under reduced

hept - 3-en-6-yl i dene] acetate Tetrabutyl ammoni

prétsigrd de £d. oM testahydrof urarnyasghytibon. 8 68 Bbyys
~ 8.69 mMmpl) was added to a tetrahydrofuran solution (15

acetdtof stentibut YL O(FL) - wedRadaRY, - 3nd( ht litkture was
butyl (di met hyl ) silyl]oxy}nmethyl)bicycl o[ 3.2.0] hept -

stirBey| ddenebacetaperb2ud®d Gor5.7%onwrl ) Thand the solvent
m xture was stirred at roomtenperature for 2 hours.

waslipeliteget PEA usEkEUt FOAUCRE: ererssiradde@nef obEoved was
by extraction with eth acetate. Then, the organic

SugRRRefe %é%&éﬁédo\xpmﬁt%ﬁér aRe that enapedssahine and

.dried. over anhydrous sodiumsulfate. The residue was
Cr3T Rt SHLARd YCEnEEREFaTERDNGEr FOGUCEG FFDe ting powder

r yre Then,cthe obt ai ned. Crude product ~was
wa%url %atb filtra % i0on, %hen wag%oc with dichloromethane,

arnd then dried to obtain the compound of interesz as a white
powder (68.5 mg, 28%).
[0122]
(Example 16) (%)-[(1S,5R,6S)—-6-aminomethyl-5-
metnylbicyclo[3.2.0]hept-3-en-6é-yllace=ic acid (exemplary
compound No: 6)
(16-a) Ethyl Z-methyl-3-oxonept-6-enocate

thyl 2-methyl-2-oxcbutanoate (10 mL, 70.7 mmol) was
adaed dropwise to an anhydrous tetrahydrofuran suspension of
sodium hydride (2.83 g, 74.2 mmol) with stirrinc under ice
coo_.ing. The mixture was stirred for 15 minutes in this bath.
Thern, n-putyllithium (i.59 M hexane solution, 43.3 mL, 72.1

mmol) was added dropwise thereto, and the mixture was further

stirred for 3C minutes. Then, allyl bromide (6.73 mi, 77.7



silica gel colum chromatography to obtain the
conpound of interest as an oil substance (1.29 g,
940). (19-e) Tert-butyl
(){(1R5R6R}3-Uthmxm1£I)-&
(nitromet hvl) bi cycl of 3. 2. 0] %t-S-en-G-yl]acetate
Met hyl iodide (2.03 nL, 32.6 mmol) and silver (r)
oxide (1.62 g, 6.99 mol) were added to a nethyl ene
mmcaghl ord deaddssl uinapwi(s$6. thetgtof tAetterbutano(dt [¢ARhe ice
5R) - 3-
baﬂhydﬂuxwmaﬂumakN&guﬂIﬂfE@dOihept Boens B- yhiddehe] aeetaion
te (550 , 2.33 mol), and the m xture was stirred
wa sttt hegpnie Itl’élrm?e?%ﬁ Ute PO Ung heusste Thednpghbpeigascid to
. filtered through Celite and concentrated under
the gRREd %re%%u%tewnrher?net R 2 G TH (RS Miisl o sss veldb] ected
fo ni t.ronet hane | %b To the solution,
°© £ ATAB et [%‘Wﬂ]%h%lé%t9 erFehe( PEARHS kager was

wa%ﬂgé mﬁid&%qs$ofgﬂg {gg%n}ééggg utlo lu%rggF%ﬁngatv' and
satAfUeous < dglolr#% ﬁ% mg&dr]ggaaééay%nﬂgaygltlggﬁgﬁgpgieﬁ% Birate,

was adde y extractio acet a

andhehOrgani&nd ayss «nas washed) wit h-a §§&gtakequéguegyéesura.
sol uti on of potaSS|un1 di hydrogen phosphat e and

Thes adibif &1 et Sedd enanek drbedi eved banbyui edsgsodicemymn
sulfate. The residue was filtered and concentrated

chiomter o¢ eshhtoe ot prassaie. cdoeaompbansesf dugtwasst as a pale
purified by silica gel columm chronmatography to obtain

Y°11QW eonpolnd’ o3) i nterest as an oi | substance (368 ny,

,? élg f) Tert-butyl . % (1R, 5R, 6R) -6-1 |
Q*cré L okyiest poryt 3 aneh }/hb@nyro gnoate

(met hoxvet h_yl ) bi cvcl o 3. 2. 0] hept - 3-en-6-yl ] acet ate
11$ °CRHE @&%\yﬁdﬂ& i it eriest was- OBTI%EPh)edW%\% aﬁd@mto a

bst 450 >990 th
mvééés an;ﬁDé ?}%E+? r?QbEngi gem Xyl 3- oxonﬂbt 6-

R) 3 net h neth . .
ené%ﬁ%&é‘ ?ﬁ‘?)blcycImT%ogyﬁfﬁggFlérrln% PPf&Eet5fe CP38879-
ThémhiﬁturéawgyDéerrec for 30 minutes in this bath, further
stirred at room temperature for 2 hours, and then
concentrated under reduced pressure to remove the solvent.
The residue was diluted with dilute hydrochloric acid,
followed by extraction with ethyl acetate. The organic layer
was washed with water, saturated aqueous sodium bicarbonate,
and sacurated saline, then dried over anhydrous magnesium
sulifate, and then concentrated under reduced pressure. The
obtained residue was purified by silica gel column
chromatography to obtain the compound of interest as &

colorless oil (6.11 g).

(16-c) 3-Hydroxy-2-methylhept-6-enoic acid



(19-9) () - [ (IR 5R ©6R) -6-am nonet hyl - 3-
(et hoxymnet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic
acid The conpound of interest was obtained as a white
solid (143 ng, 53% in the ; ge way as in paragraph
(1-e) from(-L)- (1R 5R 6 ? 6- ami nonet hyl - 3
(et hoxymet hy_) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic
acid (450 ng, 1.18 mmol). [0126] (Exanmple 20) () - [
(1S8R, BRyIB =% honethyl h8pt46-enoate (6.11 g, 32.8
di met hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetic acid p-
mm@b]u%®%9%1$%%hY%d(thél@eNeQQtﬁ@ﬁaUQ bfy dirivex icEmpedng nol
exenpl ary_conpound No: 19) (20-a) Met hyl
SO%uTqiy%ﬁl oﬁeyo% I&L Ui néflﬁyltﬂs Reptensat’a ST igamsourd refom
I nt er est 60% was obtained as an oi

te%%%s?a%ce %%¥a%t§?§oﬁe??8 FEgPul8Y ti RVERe e whpeas

melfl=D8L AN 2R {107 8118100, FolR! MU E (R cne
dro d b ten The conpou

reo%agnte%%st gﬁogge& ¥5a§ao ?élngggagggﬁm%l §ﬂ%§r§ﬁ3°n°

hidride, s a r a 105R),+Ysi . s
O o3, AT e hy T oo hen: ensa axCrr s R dgtiesie acia.

Thd hk §ue 60SPOMREr WaS sUSEE LR -Lhe tReXL LeAGLION Wyt 1
being purified. - 120 - (20-c) Tert-butyl ()- (1S, 5R
acet$Be¢, 4and the extract was washed with water and saturated
dinethylbicyclo[3.2.0]heot-3-en-6-y|idene]acetate The
sa tonpoamd ofiedt evest apdy2rgns33%gnead vabtaiifetteas @hen, the
oi | substance (E/Z m xture) in the same way as in
Sobﬁ?ggrgﬁﬁ disb:é)yedspAg under reduced pressure to obtain
3- hydroxy- 3, 4-di net hyl - 6- heptenoic acid (10.1 g).
tﬂ%z@@lﬂ@@%@ Chutrerpst ps(&SpagRr YERL B 0i4- dié6 g) .

(1 ﬁ'l'ijyoﬁ%)(hﬁ/]r bi eytrernesholhéptc3odn- 8- Plhardtarentihe one

coqpound of |nterest (4.5 %ﬁ 85% .was_obt ai ned as_an
y

oi I sUpstance T Thesare" Way 2% f " parEgPaph-f1sBpic acid

(59@5”@, 4.5 mmol), potassium acetate (7.0 g, 71.3 mmol),

and acetic annhydride (30 mi) was stirred at room temperature
for 1.5 hours and then stirred for 3 hours under conditions

of neating to reflux. The reaction solution was left
overnignt, then diluted with ethyl acetate, washed with water,
saturated agueous sodium bicarbonate, and saturated saline,
and then dried over anhydrous magnesium sulf . The solvent
was distilled off under reduced pressure, and the obtained
residue was purified by silica gel column chromatographv toc
obtain the compound of. interest as a pale yellow oil (810 mg).

(l16-e) Tert-butyl (Z)-[(18,3R}-5-methyl-bicyclo[3.2.0 hept-3-

An anhydrous tetrahydrofuran solution (2 mL) of (F)-

(18,5R}=5-metnylbicyclo!3.2.0)hept-3-en-6-one (80C mg, 6.55



tert-butyl (-) - (1 S, 5R- [ 3, 4-dinethyl bicyclo [
3.2.0 ; hept-3-er_- 6-ylidene]acetate (4.2 g, 18
nmmol ). (20-e) Tert-butyl (1) - (=S, 5R 6R) -6- (tert-
but oxycar bonyl am no) net hyl - g -di nmet hyl bi cycl o[ 3.2.0] h
ept-3- en-6-yl]acetate The 8 ound of interest (5.6
g, 99% was obtained as an substance in the sane
way as in paragraph (3-a) u5| ng tert-butyl () - [
mm@ IS, whdR, a bRy d - SroéwﬁBBEﬁhyh ftirring under ice cooling to a
ni tromet hyl bi cyci o[ 3. 2. 0] hept-3-er.-6-yl]acetate (4.5
regction sehyiof20répard) in[af¥8ncBRIr6R) an anhydrous
- 6- am nonet hyl -3, 4- )
Lo FRRYBRYPHLEFR| dpBuRionhépt - @Lénoa yefraceuitylaci d p-
zol uenesul fonate Tert- but}é - (1S, 5R 6R) -6-
dlft‘?eww%%ﬁ%&%a%eﬁyﬁaﬁm ) tﬁyl 93 343 alrn@et hphbi epeiliofm
ate 40 ,. 11 mmol ) and

I
hy%‘i%ﬁi uéh %gbl?b%fcgédlrag ]ngno yEI‘F‘Qre (2n§hg“°1@ll¥:’%bll“)9 was
I n t.hi oani sol e
45 & 2HeRENCRE | nLBLLER AR plth, ARR SRRl cregt ac
t t
ro‘g}ﬁﬁgﬁ% o EEChFECELONSRLELON YRS EoRCelbt LSt ith v

diBeeiat g andahexanesto ghtain Ehgdt 's%ll%triggpou%%l(:%'e% by
g, 55%9 as a white powder. [0127] (Exanple

ex{fd & D& 65) tB- afhPNONBELAYE- 3-The organic layer was washed
et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl Jacetic acid

wiflexeapéar ysacoppostdabloco8s eptiical by cacbiove +Eor mnef
t he conpound of Exanple 8) H NH2 COOH CH3

saturated saline and dried over anhydrous magnesium sulfaze

Then, the solvent was distilled off under reduced pressure,

and the obtained residue was purified by silica gel column

chromatography toc obtain the compound of interest as a

colorless oil substance (389 mg).

(1e-

(B

) Tert-butyl {(£)-[(1S,5R, 63)-6-cyano-5-methyl-
bicyclo[3.2.0]hept-3-en-6-yl]lacetate

Tert-butyl (£)-{(1S,5R)-5-methyl-bicyclo[3.2.0]hept-3-
en-t-ylidene]acetate (300 mg, 1.36¢ mmol) and potassium
cyanide (89 mg, 2.36 mmol} were mixed at room temperature in
anhydrous dimethyl sulfoxide (2 mL), and the mixture was
stirred for 2 hours and then left overnight. The mixture was
further stirred for 10 hours in an o0:il bath a=z 100°C and then
left overnight. The reaction solution was diluted with ethyl
acetate, then washed with water and saturated sa’ine, and
dried over anhydrous magnesium sulfate. Then, the solvent
was distilled off under reduced pressure, and the ob=ained

residue was purified by silica gel column chromatography to



H (21-a) Resolution of tert-butyl () - [ (1R 5S, 695)
- 3-ethyl - 6- _
(nitromet hyl) bi cycl o] 3. 2. 0] hept - 3-en- 6-y=] acet at e
Tert-butyl ()-[(1R 5S, 63)-&- t hyl - 6-
(ni tronet hyl ) bi cvel of 3. 2. 0] égtfs-en-e-yl]acetare (230
g, 778 mmol) was resolved using Chiral pak IC
(N-Hex: EtOH=98:2, 1.0 ni/mn, 400 manufactured by
obtpdircglih<Clreriealnd nofistntesestt ds at aolespeeki vely (128 mg) .
obtain 115 g of a peak 1 (retention tine: 5.2 mn)
1In gid DProgedire, peaky 2ofeatent tenttbomeyl6.(3) AiNLS, 5R, 6R) -6-
(21-b) Tert-butyl ([(1R,5S,6S)-6-(rert-
CY P o TREHTBONY BRY 7Y net hy? L BeBEhyBhccld] 8c@rate was

0].hept - 3-en-6-_ yl]acetate Ter---butyl
obt[a{iﬁocg§56§ _%Qle%/rhi?g%_ow*l (45 mg)l.'I y
ni.tromet hyl ) bjcycl o] 3. 2. 0] hept - 3-en-6-yl ] acetate
(1§ﬁga 9E“_%%%V£,:§§TEQﬁhﬁ%'Qgé‘aréEQFQéd]in et hanol
: i 21 ~Jo . the solytion, iron._
w80 a0, L2 (2L gLl Tecthecsolulbop, uren: ..

v1)E02&ak g, 11.9 mmol) were added, and the m xture was
stirred for 5.5 hours under heating to reflux. The

M B emWass i yawadid 0 0lmg t hens dihuted Wit s6eq in
saturated saline, a saturated aqueous sol ution o? -
smadddipuna i es bomad emet g et hyl magetat g+ 18Adoki kteked .«
through Celite to renove insoluble matter. The )
(£)H [l tUrSatiR VES) -sepay @it e +md On oI gBNEGcapd3agUePHS pt - 3—en-6-
| ayers. The organic |ayer was washed with saturated
yilegigtrtandl 2 hens dr @ ¥l overl anhydrbed tagneshupride
sul fate. Then, the solvent was distilled off under
hexaddirtet ¢ pressige ¢ o0obimeh) a pafe (Heklov 6221 mg, 1.01
s%bst nce (7.02 g)..  This substance was dissolved in
i /c A or'orfet Hame™{ 200 Heg™ ForPERatY6Put RBA, TPBOBEZGUTe was
5. 25 25 mmpl ) _and tgielhlaagige 5.01 g, 50 mmol)
tjm&éfggﬁga%%,a%nﬁo%me“%T&Tﬁ?éu s‘@ti?réauréver%W%h¥e%f ion
r r e.4The solvent was distilled off under
SOIfggg%Lg prégégégfdamﬁtghéyf%%iaﬁ%Laﬁs FREnSpurFeiFed pgueous
sodium bicarbonate and filtered to remove insoluble matier

Ther,, the organic layer was washed with saturated sa’ine and
dried over anhydrous sodium sulfate. The solvent.was
distilled off under reduced pressure, and the residue was
.purified by silice gel column chromatography tc obtair =he
compound of interest as a colorless oil substance (123 mg);
{le-nh) (i)—[(1S,5R,65)—6—aminomethyl—5—methyl—
bicyclo(3.2.0]lhept-3-en-6-yl]jace<ic acid

Tert-butyl (%)-[(1S,5K,6S)-6~-(tert-
butoxycarbonylaminomethyl)-5—me:hylbicyclo[3.2.0]hept—3—en—6—
ylilacetate (120 mg, 0.34 mmol) was dissolved in a 4 N
hydrochloric acid-ethyl acetate solution (2 mL), and the

solution was stirred at room temperature for 3 hours and “her



silica ge_ chromatography to obtain the title conpound
of interest as a pale yellow oil substance (8.82 g,
<1000). (21-c)
[ (1R 5S, 6S) - 6- ani nonet hy=- 34 g&hylblcyclo[s 2. C]hept 3-
en-6-yl]acetic acid A 4 N hydfochloric acid-ethy-L
acetate solution (100 nL) was added to tert-butyl
(1R, 5S, 69) [ 6- (tert-
COW%&W%@%W% m@wa preseuhel bitvel vesidud) hadt - 3
-en-6- yl]acetate (9.82 g, 23.7 mml), and the nmixture
digpelewed r%fednefakw%%% %ﬁ%é%ﬁ?uﬁ% Fbr -1 hourhe Thehutt e,
sol.vent @ @églled gfg undei reduced pressure. The
trieih |%ed ¥n38i BRPO! oWEFhaAEET 8r9ﬁ€“5° at

solutlon W se,

roQ s%?T?h@a%%%\%tergﬂgs“&%l %%?}éacbvaizéggﬁ’fleflr 200 Murs.
Thé 8%& Vglﬁ EOLgnEth ang hen dglednotgvlad to
Bvﬁéﬁ Wa s

ite IS
obﬂﬁ@@eghﬂmtéﬂp§&ﬁén8f @HQG§EQ¥|a@CQtQEQtEOSQQE@'S2§h%
title conpound of interest as a white powd 8

(04399 . [0128] (Exanple 22)
[ (IR 5S, 6S)-6-amn nonet hyl - 3-

(Exdyl bi Tyrl of 3~ 2( 03 heR} 63y eB=-6myhbasehiyc-acid p-

t ol uenesul fonate (exenplary conpound No: 8, p-
metm&b@nesulébhafeObhﬁphe3eenpéugd]eteExanpb&dZﬂherplary

COON CH3 = TsOH H Tert-butyl
COTQ@F@@SN@S)3B (tert-but oxycar bonyl ami no) net hyl - 3-

eth | bic c 3 2.0] hept-3-en-6-yl]acetate (1152.23 g,

)6Me V\;a@ avéSérwérpﬁVbén eréeppazel) To the
soI tiaon, hloanlsole (145. 57 1173 nmmol ) and
%efrﬂes%ﬁ RO d“a?ro%hw?%iﬂ ea%sg?sglé) sipepgance (3.4

t?; added, and the_m xture was “ . - .
' in the same way as in Darag*apn (10-a) using 3-methyl

—-4-pentenal (5 g, 59 mmol).
(17-b) 5-Methyl-3-hydroxy-6-heptenoic acid

The title compound was obtained as an oil substance
(2.23 g, 74%) in the same way as in paragraph {10-b) using
methyl 5-methyl-3-hydroxy-6-heptencate (3.4 g, 19 mmol).
This compound was used in the next reaction without being
purified.
(17-c) Tert-butyl (£)-(1S,5R)~-[2-methylbicyclo[3.2.0]hept-3-

en-t-ylidenelacetate

The title compound (mzjor:minor=3:1, E/Z mixture) was
obtained as an oil substance (1.9 g,.61%) in the same way as
in paragraph (10-c) using 5-methyl-3-hydroxy-6-heptenocic acid
(2.23 g, 14 mmol).

(17-d} Tert-putyl ({(£)-[(1S,5R,6R)-2-methyl-6-

nitromethylbicyclo[3.2.0]lhept-3-en-6-yljacetate



stirred for 2 hours under reflux. The m xture was |eft

standi ng overni ght at roomtenperature, and the

resulting powder was collected by filtration. The

obt ai ned powder was vvashed% th ethyl acetate and

then dried to obtain the ﬁpound of interest as a

white powder (88.29 g, 59% [Cl129] - 124 - (Exanple

23) [(1S, 5R, 6R) - 6-am nonet hyl -

et Ayishizgydico [CRmRo@inae pitl-.3- &)~ By Injracet ivafchiskained as an

(exenmplary conpound No: 8, optical isoner of the
olloripotivRn@d Bxanpt 219 way NbR in/pata@Oerh Ch-cH using

[0130] (23-a) Tert-butyl [ (1S, 5R 6R) -6- (ter--
Cemutxyar oyl ldv TR)nst g c i3y Bt hyv bicyei of 3] Rept heper36-

-en-6- yl] acetate Tert butyl (1S, 5R, 6R) -6-
VLiGRHT RRTAAY (.0 S/ 1.

t hyl |cycl o[ 3. 2, 0] he - 3- en- 6- yI]acetate (peak 2,
(1% 6.90 7@‘[% mﬁ)?l') vSa’% i <&l ved (T et hanol (80 nl)

2088 (s Moo B D RO L1205 000850 L8 52 o

w_rg@éga.\/\gre added and the mxture was stlrred for 4.5
hours under heati ng to re-Flux. The m xture was
al lmowed itQ CeImpithd hen F id t eyed w@@%‘taﬂ%iétﬁst& oil
remove insoluble matter. To the filtrate Boc
sufdbadde gin #hO& 4l ) a saﬂxﬁje@aréﬁlﬁlabhe (BLEtratenwascr--
then nade basic (pH>9) using a 2 sodi um hydr oxi de
busgl utton arsl sstdrred-dcHwongt enperature for 2 hours.
~The solution was concentrated, and the residue was
N1 o ey Wb 1 dy et hiyd - aci et -3 Tae- At VUt aoatmas wasked, 6.75
V\{\th wat er and saturated saline and
mmodl; .

I h

(17-%) (£)-[(1S,5R, 6R)-6~aminomethyl-2-
methylbicyclo[3.2.0]hept-3-en-6-yl]lacetic acid
The title compound (major:minor=3:1, 0.68 g, 52%) was

obtained as a white

'g

owder ir the same way as in paragraph
(3-b) using tert-butyl (£)-[(18,5R,6R)-6-(tert-
butoxycarbonylamino)methyi-2-methylbicycio[32.2.0ihept-3-en-6-

yllacetate (2.3 g, 6.7 mmol).

[0124)]
(Example 18) (£)-[(1R,5R, 6R)~2-(acetoxymethyl)-6-
(aminomethyl)bicyclo3.2.Clhept-3-en-6-y.lacetic acid

(exemplary compound Nc: 16)
(18-a) Ethyi 3-hydroxy-4-{[(4-methoxybenzyl)oxy]methyl}hept-
t—enoate

£ methyiene chloride soluzion (10 mlL) of titanium
tetrachloride (0.97 mL, 8.88 mmol) and [(i-

ethoxyvinyl)oxy] (trimethyl)silane (J. Am. Chem. Soc. 20C3,



dri ed over anhydrous magnesi um sul fate. Then, the
solvent was distilled off under reduced pressure, and
the residue was - 125 purified by silica gel colum
chromat ogr aphy to obtain Ihgl conpound of interest as
a colorless oil substance ( .%1‘9, 99% (23-Db)
[(1S, 5R, 6R)-6-am nonet hyl - 3- et hyl bi cycl o[ 3. 2. 0] hept - 3-
en-6-yl]acetic acid Tert-butyl [ (1S, 5R, 6R) -6- |

124t érd44) was added to a methylene chloride solution (80 mL)
bu- oxycar bonyl am no) net hyl - 3- et hyl bi cycl o[ 3. 2. 0] hept -3

of Zen- 6 ygtduet wren 1Bl bax gl m@3h 856} prot ) 4wasadi §Fekvetedron:
in a4 N hydrochloric acid-ethyl acetate solution
X@ﬂﬁ?ﬁﬁgon%m the 380But (bn°%has, sBi Abetdmal ) rwoth stirring
tenperature for 2 hours. Then, the solvent was

at di'stFl | aacoftheumdert yrsd weesd %wx&%#uﬁea Thel s resmpeieatase for

spended the ddi ti on of dlchloro t hane. To the
L. §3§%5ﬁ5|oﬁg% %ﬁqUHQQHWﬂ§ g%%dt%ﬁo%%ﬁselon of z

sadicdd B ﬁt"a‘“ﬁ%f%‘fﬁa %ﬁﬁﬁﬁgawg%&{ Abeohn) and
waa{)ad thap muvyasf@csilmb 'ﬁf%gpeg%lgm mﬁﬁcet gh‘%gov

tai'n the conpound erest a

g i . .
_ch]%o)%:;cie%R gg@zsg)r{g%%ﬁ nlg(n\a&a;}}%§_@£§h ed with a saturated

agquddtet d th=mnred hvs ddi ey ch DESrBoRkhep- wadten- 6%k} agelirated
c acid (exenplary conpound No: 18) (24 a) Tert-b but yl

sa(dne dnd R ibR o) aBnydhydeoxypaethykhlfBrze. The residue
(nitronethyl)bicycl0[3.2.0]hept-3-en-6-y|]acetate The

Waixﬁﬁknﬁmﬁdﬁammt@@@s@nmgs+©btahded asdanedi bresgbstanceTher,
in the sane way as in paragraph (1-c) fron1the

thg ghtapinsd gyuqgqpReroduct was purified by silica gel column
SR) - 3- (hydr oxynet hyl ) bi cyci o[ 3. 2. 0] hept -

Ch@ﬂé%t%gﬁfff‘dénw a%%%ca%% treecarosng7ommbnyeperetiuesd ainn il

vargcreap& (3319 G; 4&%;6

(18-b) 3-Hydroxy-4-{[(4-methoxybenzyl)oxylmethyl}hept-6-enoic

The compound of interest was obtained as an oil

substance (1.20 g, >99%) in the same way as in paragraph (7-
b) from ethyl 3-hydroxy-4-{[(4{-methoxybenzyl)oxylmethyl}heps-

b-enoate (1.31 g, 4.06 mmol).
(18-c) Tert-butyl (£)-[(1R,5R)-3~{{ (4~

methnoxybenzyl)oxylmethyl}bicyclo[2.2.0)lhept-3-en-6-

4

ylidenejacetate
The compound of interest was obtained as an oil
substance (1.0C g, 69%) in the same way as in paragraph (7-c)

from 3-hydroxy-4-{[{4-methoxybenzyl)oxyjmethyl}hept—6-enoic

acid (1.20 g, 4.06 mmol).



(24-b) Tert-butyl (1R SR
6R) - 3-[ (et hyl t hi o) nelhyl ] - 6-
(nitromet hyl)bicycl o[ 3. 2. 0] hept- 3-en-6-yl ] acetate
Tri phenyi phosphine (1.85 g, Z 05 nmol ) and car bon
tetrachloride (0.78 ni, 8.1% vl) were added to a
di met hyl formam de solution (8.0 nm.) of tert-butyl ()-
[ (1R, 5R, 6R) -3- (hydroxynethyl) -6-
(18t rionmet-iyd )i cytel-of L. IR hepy-3-eni -yl | acetate (807
ng, 2.71 mmol), and the m xture was stirred at room
me Ghapperedt i ofoimetinpur-6-Tont heomeabyildhisgkbubiidn2. 0]
wat er was added, followed by extraction with dlethyl
3- anﬁﬁy—h%%??ﬁ@%nlc | ayer was washed with saturated
saline and then dried over anhydrous sodi umsul fate.
Thé "Fe SPTRO WSS OF IHN&rE® Snd'2 T ofreeim el e uidle? il

duced ure. ﬁpen e obtained crude product of
Ui r%%utﬁ B (1H SR h% ¢ (tfTGr 6%t iyl ¥© B2FABEaPh (1-c

D ot e
me R O ;ﬁ%QdHBEEBPFEIhgé%%f3(§ pts 14 ol )

was ‘added with “stirring a n1xture was

v1idddd poeatatdi 61, @@n@er@tg@emﬁgg 4 hours The reaction
solution was diluted wth ethyl acetate and separated

(18- )0 Batreasst @and( Oy ganie, skA¥RY Se-Thecergani c | ayer
was washed with a 1 M aqueous sodium hydroxide
busptyta omnwat @nin@je sy uf ated [sali ne and then dried
over anhydrous sodium sulfate. The resi due was
me Fh ¢ el whdoxpcenty at edcunder 3r édG¢bdopréssuré-yljacetate
Then, the obtained crude product was purified by
si Iih&a GEPXBIURT iRt egraphyPtaintazn aheoll
ound of nterest as . an oil substance (632

su%{g’nco 171 (24-25°Ter t2 bbbl 5?5“6 {vaé/ms SR, PERRIFEPP

(tert- xycar bonyl ) am no 3
Rﬁ?h‘gﬁhhﬂ% n%t h{F1 D Y&%/%i Bf 8! 5 Of’ﬁépt( 3-en-6-yl }aceta

mebﬁ%g- °§99P98§9 ﬂé;h?£e£e§tnw@§oﬁgkﬁ E?%lcyc %Lglb Olhept-
3-en-6-yllacetate (1.02 g, 2.44 mmol)
(18-f) Tert-butyl (£)-I(1R,5R,6R)-6~{[(tert-
butoxycarbonyl)amino]methyl}-3-
(hydroxymethyl)bicyclo{3.2.0]hept-3-en-6-yl]lacetate

Water (1.4 mL) and 2,3-dichloro-5, 6-dicyano-1, 4-
benzoguinone (831 mg, 3.66 mmol) were added to a methylene
chloride soiution (25 ml) of fert-butyl (Z)- (1R, 3R, 6R)-6-
{[(tert-butoxycarbonyl)aminojmethyl}-3-{ (4-

methoxybenzyl)oxylmethyllbicyclo]

W

.2.0]lhept-3~en-6-yljacetate
(1.1% g, 2.44 mmol) with stirring at 0°C. The mixture was
stirred at this temperature 0°C for 1 hour and further

stirred at room temperature for 1 hour. Then, the reaction

was terminated by the addition of a saturated agueous



substance (755 ng, 98% in the sanme way as in to

paragraph (3-a) fromtent-butyl ()-[(1R 5R, 6R)-

3-[(met hyl t hi o) met hvl] -

6- (nitronet hvl ) bi cycl o[ 3. Zdﬂ%-ue pt-3-en-6-yl]acetate

(632 ng, 1.93 nmoi). (24- )-{ (1R 5R, 6R

- 6- am nonet hyl - 3-

[(rrethylthl 0) met hyl ] bi cycl of 3. 2. O] hept - 3- en-6-yl }acet i
solgtd@ind oIThe Gomp ik Wfonatter eftl Wwawedbbai eetdrastion with

white solid (342 ng, 75% in the same way as in
m°*@afr1@gxeamﬁu(0pl@)e froéme cageriw Wayer wis (WeRh&R wiBR) water,

- 6- (tert butoxycar bonyl%am nno] et hyl

= s[a(%%ﬂq ABITRANT b1 3] o ao@mpmaé%oeayﬁ}a@e@a
f& ﬂ 1. 90 %® &0132; 5 npl e 25) ..
saﬁ Y, nh drous sodium sulfat

net h cIo h - -6 vl Jacetic
The é‘ﬂxeeSy C1bary Tonp lziﬁ%e Ci I&a’%?y ‘E?Se fB?ﬂPSFd
0 of , . ;e
prefisucompouad ol Sramle. 1) MY o GR,Q0MH : J28 1o oy

si llaé'%cr!ylvcﬁlumn chromato n e
(nitromet hvl) bi cycl 013 2g Oﬁl% pt 3 %%Laélyl T%ce?%ﬂoound ot

intEdsthWylard )o{A %o&%z@csa Bsmethyl -64€nit
rome~hyl ) bi cycl o[ 3. 2. 0] hept-3-en-6-yl]ace-at e (15 Q)
lgaas (Hesal M&dmlmm(@&@@gxmm?wat OH=98:2, 1.0
nm./mn, 40C) manufactured by Daicel Chemni cal
(arrllndurﬁtm}ds bidykleD3.2 eSpecpivetynobtal nabebig atia
peak 1 (retentlon time: 6.1 mn) and 5.2 g of a peak
2 [het esmponng o INTEIESY) W25-dNtdared g ya JhidR so’id
5S, 6S) -6- (tert-
(834 Mrcé%@ny%%nﬁ%)%@ﬁﬁwaﬁ aet hy| brtyerapB. 230pheptrom

3-en- yIJ acet
tert- Dutyl R 5R 6R)-€6—-{ [ (tert-
butoxycarbonyl)amino]methyl}-3-

(hydroxymethyl)bicyclo[3.2.0)hept~3-en-6-yllacetate {27

(62}

mg,

0.75 mmol).
[0125]
(Example 19)'(i)—[(lR,SR,6R)—6—aminomethyl—3—
(methoxymethyl)bicyclo[3.2.0]hept-3-en~-6~yljacetic acid
(exemplary compound No: 17)
(i9-a) Methyl (2E)-4-{({[ter:t-
butyl (dimethyl)silyljoxylmethyl)hepta-2, 6-dienocate

Dimethyl sulfoxide (4.71 mL, 66.3 mmol) was added to =z
methylene chloride solution (70 mL) of oxalyl chloride (2.84
mL, 33.2 mmol) with stirring at -78°C, anc the mixture was
stirred at this temperature for 5 minutes. Then, a methylene
chloride solution {30 mL}) of 2-({itert-

butyl (dimethyl)silyl]oxylmethyl)pent-4-en-1-0l (J. Chem. Soc.,



Ter--butyl [(1R 5S, 6S)- 3-net hyl - 6-
(nitronmet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetate
(peak 1, 5.5 g, 19.5 nmol) was dissolved in ethanol
(40 nmL). To the solution, Rggey ni ckel (1.2 g) was
added. To the mi xture, hydrazi ne nonohydrate (3.9 g,
78.2 mmol) was added with stirring, and the m xture
was stirred overnight at room tenperature. The
Pexlatral Tisansnvasl {193y e?i003f, (antlOt be 2Rl oratmel)wasst heded
concentrated. The residue was diluted wth ethyl
thexstat e ThRagHed Wt v asatsdrl mret sat uriat edcsmpénetutdefor 15
. dried, and then concentrated. The residue was
MIRSo! vedsSin SHATY 1 3By 1203 te: sBf ud imRol) was added
di-tert-butyl dicarbonate (8.53 g, 39.1 nmmol) was __
Chegfted, #d the MXtuFe Was SBRFPEdSat ZPEBmtemperature and
scfgmperature for 2 hours. The reactjon sol ution was .
“toncent rated A & HE T eI WS Washed I e RS watgrorganic
t t sal Lne, -t he ri then_ . :
la%%e%?r%%fgdmé%?egf dg'e{]\/\gshgglﬂbf%?lga‘%ﬁ &Fifea 5%?
0 ¥ ( - 129 L I
N o it v aet ds an ol TolipBl gkBgRIbBLE §a, water,
an@9§@t9f££é£)sil{ﬂ£§a§§,tﬁ@% dried over anhydrous magnesium
- 6- am nonet hyl - 3- met hyl bi cyci o[ 3. 2. 0] hept - "
suBE®re 6- Viheacetd ichacivk enizenessd f ond ccastdndesteBuhyber
[ (1R 5S,6S)-6-(terr butoxycarbonyl am no)
redetdy| pBeaethy] baogctbf3oBt8Lhept r3setuebwayl Hagebatved in
(6.8 g, 13.9 mmol ) and benzenesul fonic acid
tohppiphy O Gtrel ) 3. P ¢;h1sammwt)omer e added to benzene
(40 nmL"), and the mxture was heated with stirring
(Mg BRoDY FRLRRRY FRRthY e80ft F AEPB6RYdPhasSPbolrRaet dd by g, 33.2
fjltration to obtain the conpound of interest as a
MG t &2 3RTLE 5. 7Y, TBEPL*EBedyas stirred at room

robl s RSP et PRGOS By FoTELRY QLOVELOl 32 QhIeRL;
okt B ESELel RIS DO ALIRTELIUL Bier recuces
pressure, then filtered through Celite, and concenztrated
again under reduced pressure. Then, the ob:iained crude
product was purified by silica gel column chromatography to
obtain the compound of interest as an oil substance (5.69 g,

91%).

o

(19-b) (2E)-4-({[tert-butyl (dimethyl)silylloxy}methyl)hepta-
2,6-dienoic acid

Lithium hydroxide monohydrate (2.52 g, 60.0 mmol) was
added to a tetranydrofuran:methanol:water (3:2:1, 100 mi)
mixed solution of methyl (2E)-4-({[tert-
butyl (dimethyl)silyl]oxy}methyl)hepta-2, 6é-diencate (3.69 g,

20.0 mmol), and the mixture was stirred at room temperature

for 6 hours. The reaction solution was concentrated under



benzenesul fonic acid (5.6 g, 15.8 mml) was suspended
in nmethylene chloride (50 nL). To the suspension,
triethylamne (4.4 m, 31.7 mmol) was added, and the
m xture was stirred at r_OOﬂZenperature for 1 hour.
The resulting solid was co cted by filtration and
washed with isopropanol to obtain the conpound of
interest as a white solid (2.4 g, 770). [0133]
requBemtmee 98)r§ ( LRSS BS)refriaianonettyt -1832s then added,
met hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid
folldovempllar yexconpolenl Woth 4netpyleakl ghaotiide . f oTme ofqueous
the compound of Exanple 7 differing in production
Laodess 13 2 hibdiefoy Exagrpr@d 28} on30f HOEHBYGDONhioric
q.t()(%G- "Tert'StlFJtyl (IS, 5R 6R) -6- (tert- _
2t FBohYP AT oY et hot -8l Het ReEBéparoEBl2rdRepoain.
They; N6 vl 1. acetate Tert.-butyl L _
‘T?ﬂfﬁ%ﬁ{ -%Q%%t%§$é%%c Layers were dried over anhydrous
Nier t hyi ) bi-gycl #:0] hept=3-en-6-yl ] acetate
Soc‘(*glé‘gk g”éh%éz g;}%lg%[?%r%%rlo %wav\s/gsd|J%%]6T?/e‘ﬂ‘]‘$nc%?%%%¥ated
un Muced b ides ;50! utiQn,  Rapey, i cl (1.2.9) Wwas )
éﬂ%eﬁ%oe?g% m&;’(Ltlur e, tIIhh“)rlll‘dr gﬁbneoﬁiﬁ%%r%%%d%f%oﬁ?a was
purf iledm®} ) s Wasc adged éﬁiﬁhnséhféhﬁgogﬁgghghQ MEXLULE the
was stirred overnight at room tenperature. The
comgataly sdz wastéidsered of fo: angubbeankkt nal e- §@85b@§0
concentrated. The residue was diluted wth ethyl
(1%cet atee; = vimsthed Wht-h[ vert 3R anel- satyeated saline, then
dried, and then concentrated. The residue was
butgi sebimasdhy ) et hahbdxy (B0 my) ) bToythe [SoRubinBpt-3-en—6-
; di-tert-butyl dicarbonate (7.99 g, 36.6 mpl) was

y- 2GfHePthe mixture was stirred at room
tepperature for 2 hours. The reaction solution was

conCENTPIRER At 11 763 d U e vashed & tar vat er
d - .
sugg%ance (2.03 g, 50%) in the same way as 1in paragraph (1-b)
from (2E)—4—({[tert—butyl(dimethyl)silyl}oxy}methyl)hepta-

Z2,6-dienoic acid (3.11 g, 11.5 mmol).

(15-d) Tert-butyl (#)-[(iR,5R)-3-

L

(hydroxymethyl)bicyclo[3.2.0]hept—3—en—6—ylidene]acetate
Tetrabutyl ammonium fluoride (1.0 M tetrahydrofuran
solution, 8.6% mL, 8.69 mmol) was added to =z tetranydrofuran

solutiorn (15 mL) of tert-butyl (#)-T7(1R,5R)-3-{{[tert-
butyl(dimethyl)s;lyl]oxy}methyl)bicyclo{3.2.0}hept—B—en—6—
ylidenelacetate (2.03 g, 3.79 mmol), and the mixture was
stirred at room temperature for 2 hours. To the reaction
sclution, water was added, followed by extraction with ethyl
acetate. Then, the organic layer was washed with water and
saturated saline and dried over anhydrous sodium sulfate.

The residue was filtered and concentrated under reduced



saturated saline, then dried, and then concentrated.
The residue was purified by silica gel columm
chromat ography (100 g) to obtain the conpound of
interest as an oil substance (6.4 g, 99%9. (26-b)
[(I'S, SR, 6R) - 6-am nonet hyl - 3= 1kt R _yl bicycl o[ 3. 2. 0] hent -
3-en_-6-yl]acetic acid benzenesul fonic acid 131 -
Tert-butyl [ (1S, 5R 6R) -6- (tert
praugoxy carlieny| amanootetindd neddypioayet of3s 200t heped by
3-en_-6- yl]acetate (6.4 g, 18.2 rnnol) and
silberr et bume ot ona nopohpdyate BE83ngrh20conmpblind of
wer e added to benzene (40 nli), and the m xture was
injREged ¥t seitrywpstaRce Kourd. 9Th84%) esul ting sol i d
was collected by filtration to obtain the conpound of
l?Tﬁbr%%rta@uaymmiib—sble5%56B g3- 906 hokgBethyl) -6~
(1S,5R, 6 6-anin met hyl bi cycl of 3. 2. 0] hept -
“%L%%P%t%Yia%é?Y%l%E?dz %i@?BR‘éR?n6°f¥%ﬂa5GFate

ne%ﬁyl 25%?&f§pgﬁ%?¥ 5%“3 37 % mT?%CG%?% Setyer (1) oxide
PP e L, 163 T Bispenne

ene ch orlde suspensi

sofﬂieéﬁykanhnﬁu (4:6:01, _ §g¥£]nqnl1 was added, and the

m xt we\mssUrrmi&-roo tmmmauﬁefm 1 hour.

n9$mbiy§@tmzngb§@ytﬂow@sz ocohkegetadehy clih haahhgac%%%to (550

washed with i sopropanol to obtain the conpoun

mgj Nk epgstmas) g ahét ehsohidc(:2e0wgs 630 red. EO134bm
(Exanpl e 27)

ternipef{1Rr85SL65) 46- anunsnetTyd -Bidtdraetvdyl £iltered through
bi cycl o[ 3. 2. 0] hept-3-ern6-yl Jacetic acid (exenplary

Celbppoand cRocenrasafit upfes fredwcet rhessompoundnefi, the
Exanpl e 20),-a)_N®thyI 3, _ B _

r°%laﬁlﬁewﬁ9| dSSﬁ%IV@xy B- ﬁéEF@ﬁ‘@ﬁPém (4.5 mL). To the
ﬁ yl - 5- hexen ﬁ%ﬁ n1 Soc. o Chem Coma. 19

SO @@ioniségﬁ 51726 1@6 Py “a éuHQFHyI “BR&md&c etafé -

were . dissolved in tetrahydrofuran

mol
%ibOWﬁg)adgn tﬁga)bnﬂ m1xthre was stirred at C for 7

hours. To the reaction sclution, a saturated agueous
solution of potassium dihydrogen phosphate was added,
foliowed by extraction with ethyl acetate. The organic layer
was washed with a saturated aqueous solution of potassium
dihydrogen phosphate and saturated saline and dried over
anhydrous sodium sulfate. The residue was filtered and
concentrated under reducecd pressure. Then, the residue was

purified by silica gel column chromatography to obtain the

compound oI interest as an oil substance (368 mg, 51%)
(15-f) Tert-butyl {(£)-[(1R,3R,6R)-6-{[(tert-
butoxycarbonyl)aminojmetnyi:-3-

(methoxymethyl)bicyclo[3.2.0]hept-3-en-6-yllacetate



sol uti on was added droiowi se to a tetrahydrofuran (50
m.) (zinc (10.4 g, 159 mmol) and trinethyl borate (30
m.)) solution under reflux. After reflux for 3 hours,
the m xture 132 was cool ed ﬁg roomtenperature, and
glycerin (30 nL) and a sat urat ed aqueous sol ution of
ammoni a chloride (100 nL) were added thereto,
foll owed by two extractions with ethyl acetate. The
et HiHe apetranend ayer: mesr aws heds Wi ha saédr asednsakine,
then dried, and then concentrated. The residue was
subgtanted(4 by )i 2894kl ivotbanseheowayogesaphy pe2@Qrapbn (3-
to obtain the conpound of interest as an oi
2) stbfaheet (1utyl g (EBO0Y 1R( 3R, BR) ~3- (methoxymethyl) -6-
§#4-EXDEth%?:3-h dr oxy- 6- hept eno4. ¢ aci d Met hyl
(NBLope Y hiPiQYRlat éxy- Bl AeBfcAoahebc Yl rcgrage, §368 mg,
. I s dissolved in a 2 N potassium
i'gggp%%iﬁe-nethanol solution (44 nL), and the sol ution
stirr vernight _at _.roomte rature. The
(1¥g %t?%ﬁ Eg+§t$%hé§2566%%i%ﬂT?BD¥ 7>"then dissolved in
: hed~w et.her. .The, aqueous .
e e R TS b o n b2 a2t E Y s
hy drrac dfd far€ i g fﬂ%éf@§¥jw&%t35L§fﬁéécégogswﬁﬁLQ solid
ethyl aceta-e. The ethyl acetate l'ayer was washed
(138 tgsatss pt ed t8al 58ge L Aenadrigdyza0d. b BN (1-e) from (2)-
concentrated to obtain the” conmpouhd of Ihterest 'as an
[ (DR] SBUbR) afcam{dOmdtyy193%) This conpound was used in
the next reaction without being purified. (27-c)
(mTehexye Yy )bicydRy [BS). 0 Bhept dAehRYhyi[[3c2-1Q] acid (450
hept - 3-en-_6-yl i deneacetate
mg 3 4- BF Pyl - 3- hydr oxy- 6- hep-enoic acid (10.1 g, 54.2
Oﬁ?gl) and potassium acetate (12.8 g, 130 mmol ) were
[ Solved in acetic anhydride (100 nom), and the
~Solutiopn Mas,stirred_atr roomtenperature for 30
(Examrt es2Ghd Fhen(5%i PReRf of-anhoersthuhdar 4heati ng to

R TG by TR B8t Sxi Pact T oad=arER 2oid s
toggﬁﬁ%igﬁg%@?ﬁﬁqﬁ%ﬂ?gggggggﬁlkgxg£em@% %@%h%%mﬁbﬁgda%f
exemplary compound Nc: 19)
(20-a) Methyl 3-hydroxy-3,4-dimethyl-6-heptenocate

The compound of iﬁterest (L2.7 g, 60%) was obtained as
an ol substance (diastereomeric mixture) in thé same way as

in paragraph (10-a) using 3-methyl-

w

-hexen-Z-one (17 g, 10¢
mmol) .
(20-b) 3-Hydroxy-3,4-dimethyli-6-heptenoic acid

The compound of interest (10.1 g) was obtained as an oil
substance in the same way as in paragraph (10-b) using methyl
3-hydroxy-Z2, 4-dimethyl-6-heptencate (.1.7 g, €3 mmol;. This

compound was used in the next reaction without being purified.



- 133 solution and a saturated saline solution and
then concentrated to obtain an oil substance. This
oi | substance was dissolved in tetrahydrofuran (70
m.), and the solution was added dropwi se to a
tetrahydrofuran (50 ml) (Sodffn hydride (2.17 g, 54.3
mmol ) and tert-butyl di net hoxyphosphoryl acetate (12.2
g, 54.3 mml)) solution under ice cooling. The
(zme@ptT@&hﬁgﬁggioniwaglgpyppd[§o4a sat urat ed aqueous
sol ution of ammonia chloride, followed by extraction
dimgetiny Bbhoychoel at e0 ] Thet eBhyh-degtlatierlegrer-was
washed with saturated saline, then dried, and then
condentarreiindrne rigsti eltes wasd pur gf i @d%bywskl bbaagekd as an
.colum chromat ography (200 g) to obtain the conpound
OlofSPpterest H8/ZaRiBilrsubsnante E4r2 gay33d% in( Refadraph
Tert - butyl §) - [ (IR 55, 6S) -3, 4-dinethyl-6-
(LUTt rioPethve TBY ek B[ 3! 27681 Rephy3-énheDfepadst aced (10.1 g).
2Tert-bu1y|_é+%-(LR¢58)-3,4-dLnethyi-[33.2.C{ )
(2hed LTy deheatel at eR( 2R2-§; AT 10emRyL ) Emas

;dissol. in itro Eﬁge.g 0 nL). Ta _the solution,
ni G G e L b S0 & e e PPeka Yed 26 e 2287 ol
WB%HQQQQQ@o&HHj55*35%%4%@@ W@SSS lrégg\ovg 959@ ‘%gd as an
roomtenpérature. A saturated aqgtéeous sol ufion of
oipos@sst aedli hydrpgenapbogRhake 1Wa$-added hhenety,
foll owed by extraction with ethyl agetg?%P Then, the°
teOfgent ¢l | ayer (wassdried overnarhydrqus RYAESI WAL s 3 en-
sulfat%, and the solvgnt masmdisyillg§ of = unde?hep“ e
ce-yketderd] apeessar ¢4.The, resi dmelwas purified by silica
gel colum chronmat ography to obtain the conpound of
(20 n¢presttasuayl cotbrl ¢3S, BRIl 68ubstanee=(4 g, 85% . -
134 - (27-e) Tert-butyl [(1R 5S,6S5)-6-(tert
DUBRX BXFERY BBRYR AR hWoF AB Ry B~ 3-didiembrhyilbivole (6] 3.- 2. Glept - 3-
ept - 3- en-6fgl] acetate
en—-o-y.jacetac

The compound of interest (5.6 g, 99%) was obtained as an
oll substance in the same way as in paragraph (3-a) using
tert-butyl (%)-{(1S,5R,6R)-3,4-dimethyl-6-
nitromethylbicyclo[3.2.0)hept-3-en-6-yllacetate (4.5 g, 15

mmol) .

(206-%) (x)-{(ls,

w

R, 6R} -6-aminomethyli-3,4-
dimethylbicyclo[3.2.0lhept-3-en-6-yljacetic acid p-
toiuenesulionate

Tert-butyl (%)-[{1S,5R,6R)~6-(tert~
butoxycarbonylamino)methyi~3, 4-dimethylbicyclo[3.2.0]hept-3-
en-6-yllacetate (4.0 g, 11 mmol) and p-toluenesulfonic acid
monohydraze (2.5 g, 13 mmol) were suspended in toluene (30
mL) and thiocanisole (3.8 ml), and the suspension was stirred

at B8C°C for 2 hours. The reaction solution was concentrated,



The conpound of interest was obtained as an oi
substance (5.5 g, 99% in the sane way as in
oaragraph. (3-a) wusing tert-butyl ()-[(1R 5S, 6S)-3,
4- di met hyl - 6- .
(ni tromet hyl ) bi cycl of 3. 2. 0] Hépt ~3-en-6-yl Jacetate (4.5
g, 15.2 mmol). (27-f)
()-[ (1R, 5S, 6S) - 6- ani nonet hyl - 3, 4- di net hyl -
angjeyel vegultOhpept i 3senstBavk] acet tecaced Whencenpound
of interest was obtained as a white solid (440 ng,
acgoage| ang heesane hayohsain paeagriape €3mbpumsi NG.3 g, 55%)
t ent - but yl ) :
as [ RIS ERPYBELt ert - but oxvcar bonyl ami no) net hyl -
[ngg-dinethylbicycl0[3.2.0]heptjs-en-6-yl]acetate (1.7
X V4. 65 mol ). [0135; (Exanple 28) () - [ (IR 5S,
o - 6-am nonethyl - 3. (2-fl uoroet hyl ) _-
(“%?c%%ro?g}2fg¥%e%%z§?éﬁPG?W;P8€€FP§laérd (exenpl ary

L Rt 2 oARROr) Shebt Ay 4 2GrbiGapEic (cxemplary
Coms lny: . 82- - 40 L), an hoxycar bonyl .
R bhatpos hna-Eys 5 75a hrll Pe, S EERREREY s

Ex&¥eraight in toluene (200 nl). The reaction sol ution
was concen-ra-ed, and the residue was purified by
silica gel colum chronat ography to obtain the
conmpound of interest as an oil substance (15.8 g,
61.10). (28-fp Ethyl
(E)-4-(2--Iuéroeth¥§frhﬂﬁﬂg-2,6-dienoate 135 Et hyl

(E) -4- gdr oxyet hyl ) -hepta-2, 6-di enoate (5 g,
27.1 ) wds di | ved in. tetrahydrofuran (40 ni).

T e\ sol utji on,| D £, 29.8 nmmol) was added
nder | g, and the mi xture was stirred for 1

CHsour. The reaction solution was poured to a saturated
aqueous sol ugg on of sodium bicarbonate, followed by
extraction wth ethyl acetate. The ethyl acetate

(21 BYPTRYES, URSDEA W LD aturated saling (Lhen, o cihyi-e-

(nitromethyl)bicyclo[B.2.0]hept—3—en—6—y;]acetat

()

Tert-butyl (£)-[(1R,5S,6S)-3-ethyl-6~
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yljacetate (230 g, 778
mmol) was resolved using Chiralpak IC (N-Hex:EtOH=98:2, 1.0
mL/min, 40°C) manufactured by Daicel Chemical Industries, Ltd.
To respectively obtain 115 ¢ of a peak 1 (retention time: 5.
min) and 93.7 g of a peak 2 (retention time: 6.3 min).

(21-b) Tert-butyl ([ (1R,5

n
n

, 68)—-6-(Ter+-

C

butoxycarbonylamino)methyl—3—ethylbicyclo[3.2.0]hept—3—en—6—
yllacetazte

Tert-butyl [{1R,5S8,€S)~-3~-ethyl-6-
(nitromethyl)bicyclo[3.2.0]hept-3-en-6-yl]acetate (peak 1,

7.C g, 23.7 mmol) was dissolved in ethanol (60 mL) and water



dried, and then concentrated. The residue was purified

by silica gel colum chromatography (200 g) to obtain

the conmpound of interest as an oil substance (2.2 g,

440). (28-c) Tert-butyl

()-[ (IR 5S, 6S)-3-(2-fi uoroetdfyl) - 6-

(n_itronmet hyl)bicycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetate

The conpound of interest was obtained (870 ng, 23% in
(21t mé.)sanBowaeasolintpanagiaph ©4342+b, (13627 a&nd 23) mmol)

using ethyl (E)-4-(2-fluoroethyl)-hepta-2,6-dienoate
and( amnogium] colominle) . (§28-ld)mdherl - Futypho]) (ddRre 553d68S) and
. -6- (tert- butoxycarbonyl am no) net hyl - 3- ( 2-

Thef mg EhyRbiScyde]3 Z @] Hept 13urs 6aydiéncetat endheo reflux.
conpound of interest was obtained as an oil substance
The PG §558G)L LAV 4h e S £iR° way- R | i bare@raphh (s@urated

a) usin ert-butyl Q) - [ (IR, 5S 69 -3-
Sal&fﬁﬁ|&oggépﬁﬁpfd_@guvous solution of Sodium bicarbonate,

ancl UHLAMELRXLLY oGl ol3 2. L heRl: 35fk Syl 1 6t 81 2. (870
1 Jd1leR -6 ' ‘) lL-3-(2-f X 2t hyl ). - -
ns%ﬁubﬁ §§5f§) Tﬂg]g?g§?g¥y|%ag e%%. qgi%ﬁéhébﬁﬁﬁﬁﬂ&“

icyclo 0] hept - acetf’i ¢ aci

andofadudlRisest s obtrakngd as ;2 WE&EQ sld %ﬁ§5§g)dg%h

79% in the same way as in paragfaph (3-b) using 136
sattiefttdiutsylline and then dried over anhydrous magnesium

[ (IR 5S, 6S)-6-(tent-butoxycarbonyl am no) net hyl - 3-
sul(fzfd.uofoebhythbi eptken3. 220] hept-i3-lert 6o hacrial-Riuced

(700 nmg, 1.83 mmol) . [0136] (Exanple 29) () - |
PreEeSre5Re GRL a1 A amrmoretion Joi-4-substance (7.02 g).
_ met hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ]acetic acid
Tnl(seﬁé%a@t@py:e P GURP Noved)in 2B.gf)loromethane (200 mL). To

3-F¥g{qu-3-nethylhgpt-G-enoig acid Trinmethyl borate
the Sl ony | {@osguler o(¢ vas Bed 2PnMa@danE@d Viztire tdivilema ne
(5 %{drochloric-§cid andcﬂ{ied for use, 4.24 g), and

. g, 50 mmol

were added, and the mixture was stirred

overnight at room temperature. The solvent was cdis=illed o

th

Hh

under reduced pressure, and the residue was then purified by
silica gel chromatography to obtain the zitie compound of
interest as a pale yellow oil substance (8.82 g, <100%).
(21~c) [(lR,SS,68)—6—aminomethyl—3—ethylbicyclo[3.2.0]hept—S—
en-6-yl]acetic acid

A 4 N nydrochloric acid-ethyl acetate solution (100 mL}
was added to tert-butyl (1R,5S,6S)-[6-(tert-
butoxycarbonylaminomethyl)—3—ethylbicyclo{3.2.0]hept—B—en—6—
yllacetate (9.82 g, 23.7 mmol), and the mixture was s-irred
at room temperature for > hour. Then, the solvent was
distilled ofZf under reduced pressure. The residue was
dissolved in dichloromethane. To the solution, triethylamine

was added dropwise, and the resulting powder was collected bv



tent-butyl bronpacetate (9.91 nlL, 48.6 mvl) were
added in this order to a tetrahydrofuran solution (15
nm.) of hex-5-en- 2-one (5.29 g, 53.9 nmmol ), and the
mxture was heated to 30C 3?5 30 m nutes using an oi
bat h, then brought to room nperature, and stirred
for 3 hours. The m xture was separated into organic
and aqueous | ayers by the addition of glycerol, a
fikataried Aupmoussised uyitn of chimepmemhaleqr izge, tharddried
saturated saline, and the aqueous |ayer was then
to seivfaet et 49 @x@fa@tﬂ@ntﬁﬁphwaeethyTHeshpowdéhesas washed
_organlc | ayers were conbi ned, then washed wth
witdnt kAR AP nethEndacehene df Pedbswén amleydricds compound
magnesi um sul fate, and the solvent was then distilled
Of(ﬁqtﬁﬁnﬁﬁ FBRUCEY bR eRIRRY T8-LHed rdSitdue, a 2 N
Of%? SS|un1hydrOX|de net hanol solution (50 nL) was
de and the m xture was stirred at roomtenperature
The- so nt was distill of f under
L)Ia%uceldq?‘éj %%feg %%? ea$%298u%h Ya"t™N aqueous

etmmm{ﬁ@ dg %é;l%uﬁ'é’ﬁ ¥ag & Q%@ﬁddg%l ol oved by

washi ng 'w d|e et her é“aquecus Tayer was

toTRdlee aei b ga usi @Qx3ﬁ8§§n§ ré&ﬁgoéﬁé nydigochlori ¢ acid
under ice cooling, followed by extraction "wth
todieidwbl eshete Jhernegaphsohares -wakaweshkedwi th
saturated saline and then d=i ed over anhydrous
magnesi um sulfate. The solvent was distilled of=
under reduced pressure to obtain the conpound of
interest as g pale yellow oil substance (5.24 g,
75% . (29-b)Z N
()-(1S, znethyﬁbicyclo[s 2. 0] hept - 3- en- 6- one
3- Hydr gXy- 3- nret hy nt-6-enoic acid (5.24 g, 36.4
was difssol{ved T &&&klc anhydride (40 mL) To
he sol W ioA;—potassi um acetate (12.52 g, 127 mol)
CHaas added, afd theTs@Hxture was stirred at room
tenmperature fior 2 hours. The reaction solution was
heated to reflux and stirred for 4 hours. To the
reactin,sQ)ution, ice water and toluene were

[ (1R, 5S,6S) -6~ (terz-butoxycarbonylamino)methyi-3
ethylbicyclo[3.2.0]hept—B—en—G—yl}acetate (1152.23 g, 3%1.¢6
mmol) was dissolved in benzene (1.2 L). To the solution,
thicanisole (145.57 g, 1173 mmol) and p-toluenesulfonic acid
monohydrate (89.3S g) were then added, and the mixture was
stirred for 2 hours under reflux. The mixture was left
standing overnight at room temperature, and Zhe resulting
powder was collected by filtration. The obtained powder was
washed with ethyl acetate and then dried to obtair the
compound of interest as a white powder (88.2° g, 59%).

[C129]



then added, and this m xture was stirred overni ght at
room tenperature. The m xture was separated into
aqueous and organic layers by the addition of diethyl
et her and saturated saline. Then, the organic |ayer
was washed with saturated~ <8¢ e and dried over
anhydrous nmagnesi um sul fate,. and the solvent was
distilled off under reduced pressure. The residue was
(Epampieed3by [siEi BR, R} -chepambagraghy sto obtain the
conmpound of interest as a pale _yellow oil substance
etiyllocyglol29% . i hsper@orrrite yii)xiosrak. ac2% Qexemplary
Ter:.-butyl () - (1S, 5R) -4-nethylbicyclo [3.2. 0]
coRepRnd. Neh- 86- gbtdientatebace OF <hil SonbRUNd of Example 21)
-4-met hyl bicyclo [3.2 . 0] hep~.-3-en.-6-one (1.10 g,
9.0 mmol ) was added to a reaction solution prepared in
advance by addi ng sodi um hydri de (>650 oil, 342.8 nuy,
9.0 mmol) té&l a tetrahydrofuran solution (10 nmL) of
tert-butyl -§138 - M net yphosphoryl acetate (2.08 g,
9.3 mmol er i,e cooling, and the m xture was
f stirned flof42 ho hog %Qﬁ The reaction solution
S separated intlo agueo O organic layers by the
cpddi tion saturated aqueous sol ution of ammoni um
chl oride andgsaturated saline. The aqueous |ayer was
subj ected toHextraction with ethyl acetate. These
organi c |l ayers were conbi ned, then washed wth
(OB&urated saline, and then dried over anhydrous
magnesi um sul fate. The solvent was distilled off
(23mrler Teetiucedypr €458y B8R, AR -theteresi due was purified
by silica gel colum chromatography to obtain the
butermpeundonylantee bset hgl adpakeyyelicywloilB . 2500skanca -en-6-
(1.59 80% E/Z mxture). (29-d) Terc-busy= (=) - [
Yll(al%?t% 6R) - 6- (ni ~romet hyl) -4-

ne bICVCIO[3 St%hept 3- en- 6- yl]acetate The
&’ nt Bk Mﬁ%’o%Té?heﬁO%gt%YebT%TIess oi
n rang g. 2 <100% in the same way as
eLﬁggﬁﬁf “(%5 )9 Ogheo, 3-én-—-=t© Ejaﬁeua (peak 2 6.9C g,
23.36 mmol) was dissolved in ethanol (8C mL) and water (20
mL). To the solution, iron powder (6.52 g, 116.8 mmol) and

ammonium chloride (1.25 g, 23.36 mmol) were added, and the
mixture was stirred for 4.5 hours under neating to reflux.
The mixture was allowed to cool and then filtered through
Celite to remove insoluble matter. To the filtrate, (Boc),0
(15.30 g, 70.08 mmol) was added, and the filtrate was then
made basic (pHE>9) using & 2 N sodium nydroxide solutiorn and
stirred at room temperature for 2 hours. The solution was
concentrated, and the residue was diluted with etnyl acetate.
The dilution was washed with water and saturated saline and
dried over anhydrous magnesium sulfate. Tnen, the solvent

was distilled off under reduced pressure, and the residue was



using tert-butyl

()-[(1S, 5R) - 4- net hyl bi cvci of 3. 2. 0] hepc- 3-

en- 6-ylideneacetate (1.59 g, 7.22 mmol). (29-¢e) () - [

(1S, 5R, 6R) -6- (am nomst_h)ezL:%), -4-

met hyl bi cycl o[ 3. 2. 0] hept - 3- e1¥%6-yl ] acetic acid The

conmpound of interest was obtained as a white powder

(125.1 ng, 20% in the sane way as in Exanple (8-¢)
punsfhgd bersibiutyl gé) colunhSchaBmabByrahy to obtain the

(nitronmethyl) -4-
CORBPHYEbPEVENDE B2 2L OkRept c3lenm-1@syl padetsatetehd®0 @.51 g,

3.2 mol). [0137] (Exanple 30) Tert-butyl
99%( 1R 5S, 6S) - 6- ani nomet hyl - 3-

et hyl bi cvcl o[ 3. 2. 0] hept - 3-er. -6-yi ] ace=ate (exenplary
<2&6ﬁ%03ﬁ35' RB: ©BoY 138 nomefyy 1 -GogthyBlic@elaH3. 2. 0Thept -3~

Tert-buty]. 1R, 5S, 6S) - 3- et hyl - 6-
en(§%¥%g%%¥%§%§%?cﬁclo[é.2.S]hgp--B-en-6-yI]acetate (7.0

g, . 7.l ) - L, sso| ved . in_ethanol (60 nL) and
ma{%%§%£%92%3.L‘ o’?%éénggtﬂéﬁT‘fron powder (13..27
i,.4m,_chlori de (628..1 ..11.9
o R R B et tar ety 3-en-e-
v1PabebouEs (gindergheati Bg fRonef Lk s1Re, 1t yre was
allowed to cool, then diluted with saturated saline,
hydrsahloaiedaagueetsysokuki-an Ofsc3divm Rhoar hanat eng tie
and ethyl acetate, and ="-'Itthrough Celite to renove
soinsbbubkes natieredThe fbbhr aktepsrstaeparated G s. Then,
organi c and aqueous | ayers. The organic |aver was
thoasheuen t Was sat st at éddsalffnendEle retgaricc plrayefi MAS The
dri ed over anhydrous magnesium sulfate. Then, the
regefiventafasupstitfelyotheundel tivedofediphdssumetiane. To

obtain the conpound of interest as a pale
the suspension, triethylamine was then added dropwise, and

the resulting powder was collected by filtration. The
obtained powder was washed with dichloromethane and then

washed with isopropanol-ethyl acetate tc obtain *the compound

Fh

of interest as a white powder (2.7 g, 55%).

o

[0131]

(Example 24) (£) -{ (1R, 5R, 6R) —6-aminomethyl~3-
[(methylthio)methyl]bicyclo[3.2.0]hept—B—en—6—yl}acetic acid
(exemplary compound Nc: 18)
(24-a) Tert-butyl (£)-[ (1R, 5R, 6R) -3~ (hydroxymethyl) -6~
(nitromethyl)bicyclo[3.2.0jhept-3-en-6-yllacetate

The compound of interest was obtained as an oil
substance in the same way as in paragraph (l-c) from the
tert-butyl (i)—{(lR,SR)—3—(hydroxymethyl)bicyclo[3.2.0]hept-
3-en-6-ylidenelacetate (726 mg, 3.07 mmol) produced in

paragraph (19-d).



yel l ow oi |- substance (7.02 g, <100% . [0138] (Exanple

31) [(1R 5S, 6S)-6-(am nonet hyl) - 3=

et hyl bi cvcl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid

benzenesul fonate (exenplary ggnpound No: 8, optically

active benzenesul fonate) ™ 14 H 1\ NHZ COOH CH3

PhSO3H H

(1R 5S, 6S) - 6- (am nomet hyl ) - 3- et hyl bi cycl o[ 3. 2. 0] hept - 3
(24-men-Beyifmceylc (apkd ((#, 58, 8r) 28-6 (HERLY 1WRS o) mehy1 ]

di ssolved by heating in a 1 M aqueous solution (2277
(nyyomrg thiverzepes ubf 8nkc Obedt ABRrehy-dratid,a gt tiche

solution was then allowed to cool to room

t er?pelrpataﬂyevhnf@mew t1 %P sol i d- Wasmmedl) | ectiedabyon

filtration. The_solid was washed with water (15 nlL)
QEHRF?}RﬁF%ﬁlé% uglﬁgra vatulRPpUNeEe aistdsion tiche

npound of interest as a colorless solid (6.45 g,

dlﬂ“fezdjyli‘[@rf@@]lm%aahﬁréoszxia(? L) (P, tBRL-BRYL6-
[C%gerT cycl%?%d Oﬁfﬁ Pa é T -cycl obut anj - 3-en-6-yl }a

S ARSI SRR e e
2 AT s el 2. Lot st gL ficore

foA0D momt) urdeihd ce=£001dMosoBRd ohhey gt XUl g V\@éaea,
stirred for 1 hour. To the reaction solution,

folltwahyhly ofxir aacsobut wanh(&0=0h k10%t®£610bmhan99§anwc layer
(5.00 g, 71.4 mmol) was added dropw se, and the

wa griwa sired wast It heat ubroaghtaloneoantt emeer alrirce arRer

stirred for 1.5 hours. To
anhydrous sodium sulfate. Th

0]

residue was filtered and
concentrated under reduced pressure. Then, the obtained
crude product of tert-butyl (£)-T1(1R, 5R, 6R) -3-(chloromethyl) -
6—(nitromethyl)bicyclo{3.2.0]hept—3—en—6—yl]acetate was
dissolved in dimethylformamide (10 mL). To %he solution,
sodium thiomethoxide (37C mg, &.14 mmol) was added with
stirring at 0°C, and the mixture was stirred at this
temperature for 4 hours. The reaction solution was diluted
with ethyl acetate ancd separated into agueous and organic
layers. The organic layer was washed with a 1 M agueous
sodium nydroxide soclution, water, and saturated saline and
then dried over anhydrous sodium sulfate. The residue was
filtered and concentrated under reduced pressure. Then, the
obtained crude product was purified by silicea gel column

chromatography to obtain the compound of interes- as an oil

o\©

substance (632 mg, 71%).



the reaction solution, a saturated agqueous sol ution of
anmoni um chl ori de was added, followed by extraction
with hexane. The organic | ayer was washed wth
saturated saline 141 and drjed over anhydrous
magnesi um sul fate. The sdTvi%? was distilled of=
under reduced pressure to obtain the conpound of
interest as a pale yellow oil substance (18.94 g,
(261000 ert{B2=P) Cyectd pbir ydr dereethanob kit hi um
al um num hydride (1.89 g, 50 mmol) was added to a
but@tyehylleny Ur anizolmetonl (200 nl) of met hyl
cycl obutylideneacetate (18.92 g, <71.4 mmol) under ice
[ (RFory Hgrlandethel Wpieveko s2sPi hepd-Bnenhbsydt atethae
2.5 hours. Methanol (10 m,) and a 1 N aqueous sodi um
hy e i P EF UG o (S HAY™ Witk e ddednthereta; @hd t he
m xt ure waﬁ, furtP . stirred at roomtenperature for 1
SUREW hd { ARn™St i ?é}eﬂnth?%u@ﬁmEEWFﬁe?sTﬁ@ F8sPagagraph

was washed with ethyl = a te_and saturated saline. _
(3T%es%r?ml?Tg%eEUVE+e(%%ﬁgftgngaHg)§éﬁaﬁQ?EHY?FFéo)me°hyl}‘

6—@ﬂ¥@9§§%?$g19£98 £§%E§Y§rékglge-gﬂg%ﬂ%gygig ELaf85 (632 g,

washe satufa sali nd~t hen
1. enhyesous sodi um sul fate. The sol vent was distilled
of f under reduced pressure to obtain the conpound of
(24niﬁf§§ﬁ—?$lR?5P?E§>¥@l£@Mh8hEtﬁP93§ance (22.14 g,
<84% . (32-c) (1-Vinyl cyclobutyl)ethano
[ (fBych bt yb ) denbel hanoyc(22314 . Q) heb@-0rBh) 6Was }acetic acid
dissolved in triethy_ orthoace-a-e (25 nL). To the
solTntd armphiend-of L2 estllwés nobt 3imes asdedynand solid
the mxture was stirred for 1 day under heating to
(3¢2fMgx. 7The Atxthfessms whvowedirt pacegkrapandl-e) from
saturated saline was then added thereto, followed by
terkthaeyt oftir { h1Bt byl 6RLtetal €.(tFhé-organi c | ayer was

puveshed with Satyrated saﬂlng and then dried over
AHhYTT DUR X O4r UM S LFF EREL ' AR the sol vent was

[(é?gﬂ*}%@?32@%59§T?§£c§393f§q295?%%%%§3—£%—%h§15%%E%%%é (755
mg, 1.90 mmol).

[0132]

(Example 25) [(1R,5S,€S)-6-aminomethyl-3-
methylbicyclo[3.2.0]hept-3-en-6-yijacetic acid (exemplary
compound No: £, optically active form of the compound of

Example 7)

waHI T

CH; // COOH

m“lllll-



142 hydroxi de- met hanol solution (80 nL) was added,
and the mxture was stirred overni ght at room
tenperature. The solvent was distilled off under
reduced pressure, and the rg i due was then dissol ved
in a 2 N aqueous sodiun1h?d? i de solution and washed
with diethyl ether. The aqueous |ayer was made acidic
usi ng concentrated hydrochloric acid under ice

(2zom] i Rgsolot lowest bye exts@eyiontWthir! Byl cacetak@enyi-6-
The organic layer was washed with saturated saline

(ngpgomereny dy b eelyc owk? . anhyiteous 3ragRésiy syt hate, and
the solvent was distilled off under reduced pressure.
Th& amsitduey Wwalst) —di (S$0I158ed 3 )n-3-etetahyldr®f uran (70 nl)

To the solution, lithium alum num hydride (948.8

(n{fgE o8~ o) 5 GGL ¢ her? alitedPtuAder-Foeltaokiags Thé o) was

m xture was géought to room ¢tenperature and_then

TERFrRd T 079 7ot PahdkT hEatPRgZESE=PRi Fux] - Nemhdnon.

.o, and a 1. N agueous sodi um hydroxi de sol ution

40‘@. B i S5 e TGt & TR 3 R EEGTRE - ahgd. to
e dhe~ XL Uy e nas; the irr t.roomtenperature
Teor hg%ro“\gﬁ%lrg h%é'nglf#I(?%rgengﬁr%oﬁgh“ PRrROnTRENE: 6.1
mid)eshgies Wasg yasheck i th gichigropgt .and-sat urated

sal i ne. These fiﬁ??ates ggre congﬁnggﬂghdﬁégpgégeéd
(2350 Bgpeadist end] (DL g9 €s ) agense-dhe organic | ayer

was washed with a 1 N aqueous sodi um hydroxi de

bu st yit & oo myithsat aired ety Sat et Bndoi henc dei edo @M@Ft —-3-en-6

anhydrous sodi um sul fate. The solvent was distilled
vl l#¢eumder reduced pressure to obtain the conpound of
interest as a colorless oil substance (1.94 g, 25%.
(3Zed)- Nl 3Ry drcorXep) 4-J(-Imai inyd - 6-
gyclobutyl?butanoa;e A di chi or onet hane sol ution (80
(i 5o tR%hl B C¥ht or i de- 0(neBB-Aten26-3l haotfanas (peak 1,
5 OO'ﬁf to -78C and a - 143 dichl oronet hane solution
{2 kY O U] LLTTOKTEe 5, BUOALOL4846 Rbl) Tasthe

soﬂdéjlecgnfjrﬁzg)%fenithqeerft PI.ZThge) mea(ts ug de S To the mixture,
hydrazine monohydrate (3.9 g, 78.2 mmol) was added with

stirring, and *he mix=ure was stirred overnight at room

TLemperature. The catalyst was filtered off, and the filtrate

Ll

was then concentrated. The residue was diluted with ethyl

acetate, washed with water and saturated saline, then dried,

and then concentrated. The residue was dissolved in etnhanol

(50 mL). To the solution, di-tert-butyl dicarbonate (8.53 og

39.1 mmol) was added, and the mixture was stirred at room
temperature for 2 hours. The reaction solutior was
concentrated, and the residue was washed with wa-er and

saturated saline, then dried, and then concentrated. The

residue was purified by silica gel column chromatograrhy (100



g)

stirred at -78C for 10 m nutes. Then, a

di chl oronet hane solution (20 nL) of
(1-vinyl cycl obutyl)ethanol (1.94 g, 15 nmol) was

added dropwi se thereto, and the m xture was further
stirred at -78C for 3 hourslZ2%¥rrethylamine (8 nL, 60
mol ) was added thereto, and the m xture was

gradual |y brought to roomtenperature and then

sto réetk for:He hostpohnl ohydreebleri gsagid ARd o unstance
saturated saline were added thereto, followed by

(ceXtgact®on. with di chl oronet hane. The organic |aver

was washed with saturated saline and then dried over

(2amhy di oLis, Db B Sukfiahemeahdl t BemsehyeBt MRS 6[3.2.0) hept-

distilled off under reduced pressure. The residue was

- ssoyvearswc tacidhydnotuoeanl f40inl pci®o t he

sol ution, trinmethylboron (6.2 n) and zinc powder
(4.5 gPukere lddded S ah¥ net hsg=<br onpacetate (4.2 ni,
1 mmol) was, then added_dropwi se thereto. After

44
PURTITF TP TRt 10U tBRDRY AT AT BSFBY 1BOCHFAGSs 2 - OlRept-3-en-6-

VLR

eaction lution heated tq9 40C and stirred for 20
e rf st if 5 wBEOL r £ r PBRBEHRE Ut rdemacid

S-

Mr stirr r hour,,_and glycerol, \
mo%éﬁ%ﬁggghdﬁéa?%g%ie%* saP?gewééfeg?ﬁé% 583 FEREFet 80 ML)
ofho £ ctiop.wi fheeth t . The -

and oth OWRd. hyr£XLL 2 BégﬁégA&Ptﬂ éé¥kr§§§ 3Lg 2. hours, The

organi c | ayer was was urated” sal

redhen glf | a5t ovefaanbydreusegogdi,um suk-bat e, and fhe;

) : in, the
sol vent was distilled off under reduced pressure. The

comeshmiieo aisnperé $ eds by wpl yansehr @matogr aphy 1o

obtain. the conmpound of interest as a coloriess oi

(25ubst Bhide (3. @2) go-adOpme{BPi e}-methylbicyclo[3.2.0) hept—

3- Hydr oxy-4- (1 -vinyl cycl obutvl)butanoic acid 144 The

3-enporhe @t intacedt was obtai ned as a col orl ess oi

substance (1.16 g, <100) in the same way as in Exanple
( 8-y R gsis >ﬁét-%ﬁr%tw@nwanmzwrnwomethyl—3—
6.16 mmol ). (32-f)

obut y| ) but te (1.22 g, T _
me%i.&o%@%g fﬁjf?ﬁ%)g}g?ér%p??%ﬁb}/é%?@w?za@pﬁept a-2,1'-

benzenesulfonic acid (5.6 g, 15.8 mmol) was suspended in

methyliene chloride (50 mL). To the suspension, triethylamine

(4.4 ml, 31.7 mmol) was added, and the mixture was stirred at

room temperature for 1 hour. The resulting solid was

collected by filtration and washed with isopropanol to obtain

the compouncd of interest as a white solid (2.¢ g, 77%).

(01331

(Example 26) { {1R, 35S, 6S)-6-aminomethyl-3-

methylbicyclo[3.2.0]hept—3—en-6—yl]acetic acid (exemplary

compound No: 4, optically active form of the compound of

Example 7 differing in production process “rom “hat of

Example 25!



cycl obut an] - 3-en-6-yl i deneacet at e

3- Hydr oxy-4-(1-vinyl cyclobutyl)butanoic acid (1.16 g,
6.16 nmol) was dissolved in N, N—dinethylacetanide (12
nm.) and acetic anhydride (1 % . To the solution,
pot assi um acetate (664.9 6. 77 nmol ) . was added,

and the m xture was stirred at 140C for 4 hours. To
the reaction solution, ice water and saturated saline
wer e added,yand the m xture was stirred for 2 hours,
fol | oned by—extrag&rﬁﬁhmbth ethyl acetate. The

or gani 2r was" washed with a saturated aqueous

sol ut yon of | sodi bi carbonat e and saturated saline
CHin s order amd Ori QUEF anhydr ous nmagnesi um

sul fatg, t—the solvent was then distilled off under

reduced pressure. The residue was dissolved in
tetrahydrofgran (30 nL), and the solution was added
to a reaction solution prepared in advance froma

dr of | | ut f tent-butyl
T i SN NE S et S

di met hoxyphos 10 nnDI) and

S L SR S, T

vyl pieketdesreaction solution was then separated into
aqueous and organic layers by the addition of a

satlur-at-ediafgUepuss SOk UER 043 She BAPROKUM chl oride and
saturated saline. The aqueous | aver was subjected to

(nextomethph) bi thcedhyl 2acehape - 3Fees& -grngarice atayqikak 2,
were conbi ned, then washed with. saturated saline,

S.ang thend dred) 145s dyvesoambydiaus thegrasi(Wm sal)f.at €o the
The solvent was distilled off under reduced pressure,
SOl ¢he RerpduBli®ésipuiifi ed bgs siddeca g8b tbkummxture,
éhronato graphy to obtain the_conpound of interest as

r%%}%gy%?PBQNGFP “§ubst ange @f @7m@0—70%?SEﬁEd°G with
ure). Tert - but -{ (1S, 5R.  6R) -6-
S“ﬁﬁﬁ‘-%he‘i”ﬂ |)§g F‘bf‘bPE;’?cW%Fs 216]rﬁé’pt0é{ezmﬂ'gnéy@| oB@®C&h

ta4p51§¥hr§ y“ﬂggeéthWyst was filtered off, and the filtrate

was then concentrated. The residue was diluted with ethyl
acetate, washed with water and saturated saline, then cdried,
and then concentrated. The residue was dissolved in ethanol
(50 mL). To the solution, di-tert-butyl dicarbonate (7.9S ol
3¢.6 mmol) was added, and the mixture was stirred at room
temperature for 2 hours. The reaction solution was
cencentrated, and the residue was washed with water and
saturated saline, then dried, and then concentrated. The
residue was purified by silica gél column chromatography (100
g) to obtain the compounc of interest as ar o0il substance

(6.4 g, 99

ov

).
(26-p) [(15,5R, 6R) -€-aminomethyl-3-methylbicyclo[3.2.0]hept-

3-er-t-yljacetic acid benzenesulfonic acid



Tert-butyl ()-(1S,5R)-spiro[bicyclo[3.2.0]hepta-2,1"-

cycl obut an] - 3-en-6-y_i deneacetate was dissolved in

nitronet hane (8 nL). To the solution, 1, 8-

di azabi cycl o[ 5. 4. 0] undec-7-ene (0.97 nL, 6.51 mmol)

was added, andthe mixture Was heated with stirring

at 50 to 60 for 5.5 hours. The m xture was allowed to

cool, and a saturated aqueous solution of potassium

di hyelrogent phosphaf BRYAE) tBenteadded thereto, foll owed

by extraction with ethyl acetate. Then, the organic
butaygramasngiaed noy ew tayhy dr-ous: HEgRES 4B [ 34 fattepanl en- -

the solvent was distilled off under reduced pressure.
YiTheetasedué - as, pdsi-i ethoy sind deergadncaliffthic acid

chr omat ogr aphy to obtain the conmpound of interest as a
mORGRYATGER| dw- 681 IsuBSt AREE )( WO mdBID)te (B2xdund ) (44 mL),

(1S, 5R, 6R) -6- (am nonethyl) -
ANy pr 5[ Br&VEFS] 328, OFREFavyZ 1 sict wing fivjs 3 émBeyl) ) The

Le_.acid.Tert-butyl (+) - ., (1S_5R 6R -6

re%ﬁf—#?%ﬁegﬁgﬁf WBFr SLBIETErG] $%. Ol Hewor £0 obtain the

' - cygl gbut anl-3-en- _6-yl tate (1.Q8 g, 3.52 nmol
o B8 R g ngt “THEE Myt itnd ko @ To

he) sol yki @8, skf0n_ (9,99 g, 146 .. 17, )
(2ond ot oy &b ofr datBhes g™ Snd it YAl T 2. 0 nepe-

3-afldedy1andethe Akxkure was stirred for 4 hours under
heating to reflux. The m xture was allowed to cool,
t hein( 18 ) 3R £6IR ) w6t he sat BE 862G caRbLAG) 2R SBLUEALed 3
aqueous sol ution of sodium " bicarbonate, and et hyl
meglelat eycand3f 2l DéhedttBreuwglt-Galjide « it-0 serove
insoluble matter. The filtrate was separated into
bepiganpelandiagaedds (Fafers. 1khe omgAni alsayelspsdsied in
washed wth saturated saline and then dried over
megnhyBRBusShARgAEsi UAD BUIfat 8o ahd thepsobvent wasethelamine
4dLst'|| g of f under reduced pressure. To the residue,
(4 g0 4m 'hg r OcH8H cW&Ei @Y8ERy| angcdths @igsge ors( Exirred ax
roégatggge%ggggé %89 Eh%og2¥tu%gemggsulting solid was
collected by filtration and washed with isopropanol to obtain
the compound of interest as a white solid (2.0 g, 63%).

- [0134]
(Example 27) (i)—[(lR,BS,6S)—6—aminomethyl—3,4—dimethyl—

bicyclo[3.2.0]hept-3-en-6-yllacetic acid (exemplary compound

th

Hh

LA i = . - -
No: 18, salz-free form of the compouna of Example 20)

(27-a) Methyl 3,4—dimethyl—3—hydroxy—6—heptenoate
3-Methyl-5-hexen-2-one (5. Chem. Soc., Chem. Comm. 19,
1991, 1399) (17 g, 106 mmol) and methyl bromocacetate (24.4 g,
159 mmol) were dissolved in tetrahydrofuran (100 mL), and the
solution was added dropwise to a tetrahydrofuran (50 mL)

(zinc (1C.4 g, 159 mmol) and trimethyl borate (30 mL))

solution under reflux. After reflux for 3 hours, the mixture



stirred at roomtenperature for _ hour. Then, the
solvent was distilled off under reduced pressure. The
resi due was suspended in dichloromethane. To the
suspension, triethylamne was added dropw se, and the
resul ting powder was colreéﬁéd‘by filtration, then
washed wi th di chl oronet hane, and then dried to obtain
the conpound of interest as a white powder (439.2 ng,
wa5700plefi0id0toofiExampkeadadre() and{ gi18e-8R R mr)6-and =
(am nonet hyl ) -
satpradpdi evetofS. 200hhéphacZ, EmmoyetkopeNbl3ree 18-y InAC were
etic acid (3§-ai Met hyl cycl opentylideneacetate The
adeafpblRache. | APLtesedway shraensdaas iansae tyeldwowi acetate.
oi | _substance (14.31 g, <100% in the sane way as in
The,ahpye 2¢892h5 LaVRE ©¢6i bpenpeanphs( 824 rgret0Galine,
thnpnl%. gss-b C%clo entyl i deneet hanol 147 The o
TonPouRd’ of MEntRPRsEORASohEARRed R3S al pal@UgerReWOUTified
i ncl udi_n acetate) in the

] 8. 90 |
byg%%%§852égggg?nu%§aﬁ%F@meﬁﬁgﬁfpggshg%ﬁeﬁﬁyﬁo obtain the
j 7,16 .50 mm 33-
coptchpesntyiosmmeoiaty, (1-in ey bl (o,

(2Was) 0Bt al peds s, 8- 60 @ik substance.(0.47 g,
7%) in the sarrey%\l/ay ggaikggt%xgnﬁrg%(g%?%) %gﬁé‘l ng

cyateyprent yi | defieed hapol 34 @Qogy—§5ge$9@n%até3%lg)7 g, 62.8
Met hyl 3- hydr oxy-4- ("1-vi nyl cycl opent yl ) but anoat € The

mmebhpeandidésontvedest: was nbbaknedias ayveebehiless@iHancl
substance (417.3 ng, 48% in the same way as in

soBxahaphe (£ 82nL d) asdnghél svilnyloyclapestyk}yethanelnight at
(C.47 g, 3.36 mol). (33-e)

TOGnHySRRYy2 QY ¢ - viTe cved opert y$9 but tmoi casctondhe-rated,

. €O ound. of intere§t was obtai ned as a‘Iight br own

TheR | degpet Bt el Lt et par (B8l m&ol vand wesbeded:t504theny, The
<1009

aqueouéﬁlayer was made acidic (<pHE=2) using agqueous

hydrochloric acid, followed by two extractions with ethyl

acetate. The ethyl acetate layer was washed with saturated

saline, then dried, and then concentrated to optain the

compounc of interest as an ci! substance (1C.2 g, 83%;. This

compound was used in the next reaction without being purified.

(27-c) Tert-butyl (i)—(lR,SS)-3,4—dimethyl—[3.2.0]hept—3—en—

6-ylideneacetate

&)

3,4-Dimethyl-3-hydroxy-6-heptenoic acid (16.1 g, 54.2
mmol) and potassium acetate (12.8 g, 130 mmol) were dissolved
in acetic anhydride (100 me), and the solution was stirred a*
room temperature for 30 minutes and then stirred for 3 hours
under heating to reflux. The reaction solution was prlaced in

an 1ice bath, followed by three extractions with ether~-pentane.

The organic layer was washed with an agueous sodium nydroxide



in the sane way as in Exanple (32-e) using nethyl

3- hydroxy- 4-(1-vinylcycl opertyl)butanoate (417.3 ny,

1.97 mol ) (33-f) Tert-butyl

()-(1'S, SR) -spiro[ bicyclo[3.2.0] hepta-2,1"- cycl opent

-3-en-6-yl i deneacet ace Thé édrApound of interest was

obtai ned as a pale yellow oil substance (232.3 ng,

47% E/ Z m xture) in the same way as in Exanple
solBRib) asiing Sahydaoxy- 4a(linevieBYhEYGhopeRt YUt anoi c

acid (504.1 ng, <1.9 mmol ). (33-g) Tert-butyl () -{
COgSLBER e@RIo- 6btain an oil substance. This 0il substance

(ni tronet hy=) Spi ro[ bi cycl o[ 3. 2. 0] hepta-2, 1' -cycl opent ]
was 3depsobrgf) aket atsafidredupeond 76f mint emest twas solution

obtai ned as a colorless oil substance (250.2 ng, 88%
was nadfed saRePa§cakoi A ERamphwdesuras (§0 wdiingsodium
tert-butyl_()-(1$ 5R) -spiro.[bicyclo[3.2.0]hepta-
hyﬁjﬁé?cy lope%nt]%:énm@@griaéﬁea@éttapel(czgz.3 ng, 0.89

. ‘1) (),: {.(1S 5R 6R -6-(am nomethyl) -
B T bt 5V 056 bt al 3217 BycPlpantied anseLptyae
B T omT i Ly o T gpaltes
saBXPPLe {32eBhsusbngriLES fb%&%&B}%é%Pg%gidéR’fg%hOh%d by

(nitronmethyl) spiro[bicvclof A
ext£yct Opent]cB- 8bhy 6- yLbagetat erf 249, Le -
[0141]  (Exanple 34)" () -g[ (?Tsf,( -5%9%@39%?; e MRds vas
waglpedi noivet hyajurdted saline, then dried, and then
cycl obutyl bi cycl o[ 3. 2. 0] hept-3-er.-6-yl]acetic acid
corfGnayatedyl The 2rayichwbutayd peunt + A eosy es Al 19 M1 column
tetranet hyl di sil azane sodi um tetrahydro fur an
ChEQI PORRR DY 44260 91810 epbk)inwabeaddadodnapwirsenoveest as
10, mnutes to a tetrahydrofuran (40 ni) solution of
an gt hy| SYRSe3RFOLIE yE aget 38%) ¢2.32 g, 16.3 mol ) cool ed

to, -78C and
(27-d) Tert-butvl (i)—[(lR,SS,6S)—3,4—dimethyl—6—

(ﬁitromethyl)bicyclo[3.2.0]hept—3—en—6—yl]acetate

Tert-butyl (i)—(lR,55)-3,4—dimethyl—[3.2.0]hept—3—en—6—
ylideneacetate (4.2 g, 17.9 mmol) was dissolved in
nitromethane (20 mL). To the solution, 1, 8-
diazabicyclo[5.4.0jundec-7-ene (4.9 G, 27 mmol) was added,
and the mixture was stirred overnight at room temperature. A
saturatec aqgueous solution of potassium dihydrogenr phesphate
was added thereto, followed by extraction with ethyl acetate.
Then, the organic layer was dried over anhydrous magnesium
sulfate, and the solvent was distilled o< under reduced
pressure. Tne residue was purified by silica gel column

chromatography to obtain the compound of interest as a

o\

colorless cil substance (4.5 G, 85%).



the m xture was then stirred at -78C for 10 m nutes.
Subsequently, a tetrahydrofuran (10 nL) sol ution of
allyl  bromde (7.90 g, 65.3 nmol) was added dropw se
thereto over 10 ninutes,_a€g4the m xture was stirred
at rooir. tenperature for hours. The m xture was
treated with water, and volatile portions were then
renoved under reduced pressure. To the obtained
(271Hequit rtetthyd yiackt BR e5 anéE was et taete added, and the
obt ai ned organic |ayer was dried over -anhydrous
butipgtiesinan whamne). ndien -3 he-diheehy lvasvdi st Bl bed jakbt - 3-
under. 149 reduced pressure to obtain the conpound of
enfn¥erietet® e yel low oi | substance (1.80 g, 61% .
(34-b) Ethyl ()-4-cyclobutyl penta-2, 6-dienoate A1 M
di F86b FEPP RN i%urhRdrSsFe/Mad! (Ries Sorditd Drag 5088
... 9.9 4 ) wap @fded_gropmﬁse over 40 minutes to a _
oluene ‘(- ol kT o of S¥PRyVaY) @S in paragraph. (3-a)
- 2- cvel.obut vl pent.- 4-enogte (1.80 ,9,.9.9 nmol) cool ed
us%‘% i:trsrc:, %élntd”t he ri &ﬁ&r'ag%é”)thghéé??-?l?’éayéf"??SC for
& WSy 1A B30 @agtlc_acid csohution (9.4,n)
“1mas agggaagﬁgé%?ggﬁ?ﬁz}eto:%Veg %ann ?gé?eg?ﬁénﬁégheg’
15.r gagdic | aver was dried over magnesiumsul fate. After
renmoval of insoluble matter by filtration, ethyl
(274 phrenyl phosphoranvd i denejacet ¢zes § B d8nQrn¢9.9
nmmo') was added to the liquid, and the m xture was
bi cgtd Irar €0 2at0 Iromm - 3 esped-at Ur£c4o0f c 18chaurs. The sol vent
was distilled of= under reduced pressure, and the
r eSNEUECHRS UBGY iof edhdyresgolwam ditaimedgEaphywidte solid
obtain a colorless oil substance as a mxture
(14m%i fiTfg tHe Conpoursl WiY i a8 etespardpispbofpeundusing
- o e qsad jp the next reaction wthout being further
U YiY%ed. L (R ) ©3) =9 BRI bRie vPpERREP2NEB L dnéne) Bethyl-
acj.d A.5 N aqueous, sodi um hydroxi de sol ution (15 ni)
3'4wads-meéc&’a’e]ﬁ”t ano @% ﬁ’&d]aﬂec%%‘of‘?%o Yy e6fteren (&t 't Be
4. 8 Yoy -

[0135]

sSu

(Example 28) (i)—[(lR,ES,6S)—6-aminomethyl—3—(2—fluoroethyl)—
bicyclo[3.2.0)lhept-3-en-6~-yilace=ic acid (exemplary compound
No: 30)
(28-a) Ethyl (E)-4-(2-hydroxyethyl)-hepta-2, 6-dienocate
3-aliyi-tetrahydrofuran-2-ol (18 g, 14C mmol) and
ethoxycarbonyl triphenylphosphorane (35 g, 104 mmol) were
stirred overnight in toluene (200 mL). The reaction solution
was concentrated, and the residue was purified by silica gel
columr chromatography to obtain the compound of interest as
an oi: substance (15.8 g, 61.1%).

-~

(28-b) Etnhyl (E)-4-{Z2-fluoroethyl)-hepta-2,6-dienocare



4- cycl obu-yl pent a- 2, 6-di enoate obtained in the
precedi ng paragrapl-, and the m xture was stirred at
roomtenperature for 1.5 hours and subsequently
stirred at 60C for 2 hours.__The m xture was all owed
to cool, and the sol vent Was3Phén distilled off under
reduced pressure. The residue was dissolved in water.
The aqueous | aver was washed with dichl oronet hane and
t héitmelut (Eal-4ze@ -wtdr ax 2= thh agueioss: 459, ¢ hyd Qggtgrwg S,
acid solution (100 nm.), followed by extraction wth
4/dldﬁh@lbn%@%am@sSdh@e®rgantetkamgdrwasvdhlqdoom&r To the
magnesi um sul fate. The solvent was distilled off under
SO#%%&Q%d Pressir €8t ob? af nmaoyel Wew evikiesubstamce cas caoling,
ture, containing the conpound of interest-. This
an% D URHE Wl Ut ?h%%h%CEEQF Aebetiron Tie hostcbedng
urther purified, (34-d) Tert-butyl ()-[(1S,5R)-3-
SO]c%/z:Jr%fbu‘t% B VT o[ 3O Vo OT%e‘ﬁfaﬁeénaGU?PFéeﬁ@}&Gepat @f sodium

assi um acet at
bléé%g%%%t% ?%§%}£lérm§¥l?%cﬁ?5ﬁf85 Vég n%fnggléFFBﬁtof The
tH 43 £yl pbut n cc.acid obtai
° |ﬂ£tééep?%%e G ‘%%?gﬁég% d wgkaCS? gr 8nﬁ9d??dén61 @@en
drigeq 10 Jdnml;a, Sk {hes O Xt Uf . stidLre m
tenpe?ature fo? 1 houra%nd théﬁ “@%?r%%% a%sié% dZDy
s1Inoee sge Theo Mt Usier RSt 66 £abRY Wobh g CeoWéb%é hé' 2
N aqueous sodi um hydroxi de sol uti on, foI
conpxdwat t o Dnimt ¢ ke e xaneandi Ui shbytaﬁbeer Z.Ih? @&;g@m C
| ayer was dried over anhydrous magnesi um sul at e
(28Men, Tehe-lsot went+)was( 0k s3$ ) 6ed-8ffoundes 5@QH9§¢ 6

pressure to obtain a pale yellow oil substance. The
(risuiparaineel obt @y ereel 3 her @) haptadded-toyanaacetoni c-ril e
(2Q.m) solution of ter-- butyl
ﬁ&%ﬁ%?&éﬁ?or%aéélﬁr@s({: »sms gomaammmo | Mg hi 2B%) in
chlorlde
RS az%%l%ﬁf\él%f 57 ‘Eﬁﬁ%%?f? éﬁé“fo%gg » 3apdnmg) ) using

et5§ir(ﬁp—AD(Z-fluoroethyl;—nep;a—z,o—dlenoate (2.2 g, 11.9
mmol) .
(28-d} Tért—butyl [ (1R, 5S,6S8) -6-(tert-
butoxycarbonylamino)methyl-3— (2-
fluoroethyl)bicyc;o[B.Z.O]hept—3—en—6—yl]ace:ate

The compound of interest was obtained as an oil

substance (700 mg, 65.8%) in the same way as in paragraph (

(x)

&) using tert-butyl (i)—[(lR,SS,65)—3—(2—fluoroe:hyl)— -

(nitromethyl)bicyclo[3.2.0]hept—3—en—6—yl]acetate (870 mg,

(28-¢e) (i)—[(lR,5S,65)—6—aminomethyl—3—(2—fluoroethyl)—

o
}_J.
<

cvclo[3.2.0)hept-3-en-€6-yl]lacetic acid
The compound of interest was obtained as a white solid

(330 mg, 79%) in the same way as in paragraph (3-b) using



advance for 1 hour, and the m xture was further
stirred for 12 hours. The m xture was treated with
water, and volatile portions were then distilled off
under reduced pressure, foH]Qmed by extraction with
et hyl acetate. The organic HaPer was dried over
anhydr ous magnesi um sul fate. The sol vent was
distilled off under reduced pressure, and the residue
temasbupuii fi(@d, by, $6l) i-6a (gelr teahutk yelrematy0graphy) M- hy1-3-
obtain the conmpound of interest as a yellow oil
(2sfibgpaneshyd) BécyclR4®). 2 . Oyibelnd fr-emme-00-Iacetdnd (700 mg,
4- cyclobutylpenta 2,6-dienocate) (34-e) Tert-butyl
1.B$-1"eS$) 5R, 6R) - 6- (ni tronmet hyl ) - 3-
Cé bobutylblcyclo[s 2.0] heot - 3-en-6-vlidene] acetate
8t-butyl () [(1S 5R) - 3- cycl obut yl bi cyci o[ 3. 2.
i dene] acetate (0.36 g, 1.4 nmmmol) was

0 hept - . 3- en-
Eﬁilﬂélgg%evég 'eR+ Al t‘ﬂénéﬁhéﬁé @zd%)nomﬁow-ém ution,

nedpfsdigeatione sls L. 0undee 1o (928 g LT ).,

ABYLSa & i aZabi cycl o[ 5. 4. 0] undec-7-ene (C. 26 g,
e B _5: vvag further added thereto, and the m xture

(2%§\sbl-ngzado§y QOQQﬂ%@lﬁa? c WS, The s xture was
allowed to cool, and a saturated aqueous sol ution of

potBssheh gl hyer @gen(1phasphatenwasotiier (@ddedy in advance
thereto, followed by extraction with di chI or onet hane.

wiThedodlgani bybaypehivas cdriced avey driRydriyss ymghesiumg) , and
sul fate. The solvent was distilled off under reduce
teprebyive, bandorhetatesi(@ué wad. , p W .fa echdly sid-iccadilc in
chromat ography to obtain the conpound of interest as
tnaSparéeyerow SR ranystrafce 300.540. utg,or90%5 I34-d9) hex-5-en-
Tert - but _ g (1S, 5R, 6R) -6- (am nonethyl) -3-
2‘@?€I éBu?él Eircyél [31111,@10] Ia@pit t@Eemiﬁéquriedemes] acetat®e to 30°C
fo* éb Lyl % % I@ (nitromethyl) -3
Ty ogut él bi ciféll f’Sa? @]‘heﬁ’@ AL eﬁf@'yIQ-dDéWé}Lacté% ateem
0, - L_@@s.dlssolved in hanol 2 .
t %8 f%gggoru |on “HESN poder OO0 Ss foméxﬁﬁnﬁ)wﬁnd
se£Q§Q;,e QHH%OB§g§gq%méﬂ@ agueous layers by the addition of

glycerol, a saturated aqueous solution of ammonium chloride,
and saturated saline, and the agueous layer was then
subjected to extraction with diethyl ether. These organic
layers were combined, then washed with saturated saline, and
then dried over anhydrous magnesium sulfate, and the solvent
was then distilled off under reduced pressure. To the

residue, a 2 N potassium hydroxide-methanol solutiorn (5C mL

~——

was added, and the mixture was stirred at room temperature
for 6 hours. The solvent was distilled off under reduced
pressure. To the residue, a 1 N agueous sodium hydroxide
sélution was tnen added, followed by washing with dietnyl

ether. The aqueous layer was made acidic using concentrated



- 152 chloride (0.07 g, 1.2 mmol ) solution (7 nL)
were added, and the m xture was stirred for 4.5 hours
under heating to reflux. The mxture was allowed to
cool and then filtered throqgﬂ Celite to renove
i nsol ubl e matter. The solutt was concentrated, and
.the residue was diluted with ethyl acetate. The
di.-lution was washed with a saturated aqueous sol ution
hy dfoctsladi iumai ichrdraat el @nd syl 20 OVES ) By Er ®YSextraction
magnesi um sul fate. Then, the solvent was distilled
witdf fdigiderl reddusced fhessumenicandtdre wasiwhisharsvith
purified by silica gel colum chromatography to
satgptadiaf 99 laenpuithd odn | it dee@stverss anhyodtons esagneésium
substance (0.30 g, 830). (34-g) () - [ (1S, 5R 6R
su;@gtqanﬂﬁ§n§pﬁyﬁpt_yas distillied off under reduced

cycl obut yl bicycl of 3. 2. 0] hept -3-en-6-yl]acetic acid
pr@]%sr‘%r-%lﬁ |°D(L)3/*-n [thel§,°%$€u%<#?)°'—- 6L aRFHBNRE NI Halg.- vellow
. cycl.ohut yl bi [ 3. O] hept - 3-en-6-yl i dene] acetate
o U o o ) e

)®was” tissolved in a 4 N hydrochloric
i,d- et hyl tate salution (10 , ~and the solution
2 G5 M 8 A s Sal Ul on (0 ) 1 pogLhe sol utier
t he_sQlvent, was.c tdi Stidd ag i o unde; d equcsed pressul Gt
The residué was suspended by the addition of

wa i e pyonet hanescdoi ¢ henh pUSPEAST 90, mi | | etthy a8 N& WaSi o,
t hen added dropwi se, and the resulting powder was
potcddaet ectdnatd | tTAIiDNg, The? Obtdl Nedas POMEEE, VBSE the

dried under reduced pressure to obtain the conpound
mispfuretverestt asred whi t eopovidenpé fatlirg, £670). hoiP342;The

(Exanple 35) () - [ (1S, SR 6R) -6- (am nonethyl) -4-
reatidhisdsi o[ 73 heprtSd ene 6:yflageand acidred for 4

(exenpl ar compound No: 34) 153 (35-a) Methyl
ot hfthépar2asdicencmia (@7 ricg ura)er And toluene were

tetQ?derofuran (25 m.) solution of trinethyl
ther addec, and this mixture was stirred overnight at room
temperature. The miIxture was separated into agqueous and
organic layers by the addition of diethyl ether and saturated
saline. Then, the organic layer was washed with saturated
saline and dried over anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel chromatography tc obzain
the compound of interest as a pale yellow oil substance (1.10
G, 17%, diastereomeric mixture).
(29-c) Tert-butyl (Z)-(18,5R)-4-methylbicyclo[3.2.0]hept-3-
en-6-ylideneacetate

(£) - (1S, 5R)-¢-methylbicyclo{3.2.0]hept-3~en-6-one {(i.10

g, 9.0 mmol) was added to a reaction solution prepared in
advance by adding sodium hydride (>65% oil, 342.8 mg, 2.0

mmol) to a tetrahydrofuran solution (10 mL) of tert-butyl



phosphonoacetate (4.67 g, 25.1 nmmol) was added
dropwi se at 0OC over 1 hour to a tetrahydrofuran (25
nm.) suspension of sodium hydride (1.04 g, 630, 27.4
mmol ). To the m xture, tgtt? ydrofuran (25 nL) was
further added, and the miXta “was then stirred at 0C
for 1 hour. To this solution, a tetrahydrofuran (25
~mL) solution of 6-hepten-3-one (2.56 g, 22.8 mmol)
dimeish eivieno siplopwy Secata b€ 02e0826, niSndt emplandntlee ice
m xture was stirred at roomtenperature for 2.5 hours
CORNENT s UdR@gleht Ryx8Erereds af uBsGefrost3 rivedr SorThe hours.
_mxture was treated with water, and volatile portions
TGPt herr dP et PT el “aff SeRaER-PEJIEEE prESSUseand organic
144011 aned, by exérgctioncmﬁth _hexane. The organic |ayer _
AYES® Y ed ovRTAnhyUr 8tis® nagrEsRaRe SGuERlS. sPRafiothe
mmgqugnt mgg diistilled off under reduced pressure to
SBt AR TheCtoRpotAd B CPhEEPEsF2AdRE - pal RS yRTRBNS ol pYET

$UDS, 5 AL, (3,04 ? PRRD e, These
wa3-EtH§Ihepta-%,B¥%f%%§F%na§?gh(EFEy%i%FSFSf“A 5 RES€

or u di hydrgxide-sol utian : +..added
Ty T eohor 140 20y SoPtrshisP Mubmypasudie
safiﬁwjh@@aatﬁeﬁ'Qt@@@aé@e£3agﬂygro%§-%a@ggghumaEQ%%% e. The
m xture was stirred at roomtenperature for 17 hours.
sofentni wasir @i snablagubral uaed rwirtduaecd Nrage@eds and the
hydrochloric acid solution (15 mL), followed by
regiivacvaonpwi i hidichyosbhethagel Eheumar garomakayeaphy to
_~was dried over magnesium sul fate. The solvent was
Ob'gh 5t j thedceonpoundeeir tdterdspr essar patle gbflaibm bhe
conpound of interest as a pale yellow oi- substance
sufstapcy, (173999, 184%, (BAZcpixerrebutyl () - [ (1S, 5R)
-4-et hyl bicyclo %3.2. 0] heat-3- en-6-ylidene] acetate
(2917 TeXt TPy Y Pot absi (hF a2Rt ARE—F2.(B&Tgomeshylimét)

- __Wwas .added. to.a, dinethylacetani (25 nL) solution of
m“ys\%%?%‘eb?fﬁzfegﬁB‘F%Ealﬁeeﬁa aygg?‘efbﬁrels. 0 mol) and
acet]L m&.{ﬂcgeoé %I@@efﬂest was obtained as a colorless oil

substance (2.02 g, <100%) in the same way as in Example (8-d)

using tert-butyl (£)-[(1 R)—4—methylbicyclo[3.2.0]hept—3—.

w0
w

r

en-6-ylideneacetate (1.59 g, 7.22 mmol).
(29-¢) (i)—[(lS,5R,6R)—6—(aminomethyl)—4—
methylbicyclo[3.2.0]hépt—B—en—G—yl}acetic acid

The compound of interest was obtained as a white powder
(125.1 mg, 20%) in the same way as in Example (8-¢) using
tert-butyl (i)—[(lS,SR,6R)—6—(nitromethyl)—4—

methylbicyclo[3.2.0)hept-3-en-6-y
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[0137]
(Example 30) Tert-butyl [ (1R, 55, 6S)-6-aminomethyl-3-
- ethylbicyclo[3.2.0]hept-3-en-6-yliacetate (exemplary compound

No: 20)



26.1 mmol ), and the m xture was stirred at room

tenperature for 1 hour and then stirred at 120 for 3

hours. The m xture was treated with an ice water

sol ution, followed by ex[rﬁggign wi th diethyl ether.

The organic |ayer was dried~~0ver anhydrous magnesi um

su=fate. Then, the solvent was distilled off under

reduced pressure, and the residue was applied to

col utm chr omat ography to obtain a pale yell ow oil

subst ance. The substance obtai ned here was added to an

acetonitriley(40 nL) solution of test-butyl

di met hyi phosghonoagstateNif2. 60 g, 16.6 mmol), |ithium

chl ori de Z0 g, 16.6 nmmol ), and 1, 8-

di azabi£ycl o[}5. 4. ndec-7-ene (2.60 g, 16.6 mol)

syiTred in advarice Tor £M3tBu and the mixture was

Yurther stirred—For 3.5 hours. The m xture was
CHsreated WithZwater, and volatile portions were then

distilled o=fg under reduced pressure, followed by

extraction with ethyl acetate. The organic |ayer was

dri V h USa esi | Lfate. The sol vent

magﬁg%?§§$?f£dygpg"Uﬁgggprgdﬁg%gyp?essure, and the
(nE€sbedenyaspiBYEL b 8doby18kbica g8l cCOhYmMerare (7.0 ¢,

chromat ography to obtain the conpound of interest as
23a7yehbow obk subsbanee (2. 2@h@nc88%%60 €33- Ahd water (21 mL).

Tert-butyl () - [ (IS 5R 6R) -6- (nitronethyl) -4-
Toethyl bbeyelioh3. 2r6hhppivddren-iB- yl7i deneRacat@il® -arkbmmonium

Tert-butyl ()-[ (1S, SR)-4-ethyl bicycl o[ 3. 2. 0] hept - 3-en-
chgoylifidenék8cet age {2.20myoel9. depwok)ideas dirssalheednixture

nitronethane (30 nL). To the solution, 1, 8-
wagi azabrefcFer554°0andec undene hedtingg Lol reF Imml ) Thas

,added, and_the mxture was stirred at room
mi¥eHper ¥ear 81£8FeB3tR0GPSL, Aheht GhatiEgcagiddusaturated

iolution of pot a siunldhhydrg en phgsphate was added
SathBret 8, SPOPFEWEE BYEREFacCianr 1wt RE §CCHGT distarhirnace,

h ,9anic. Layer _was_.dried over anhydrous _ magnesium

an§u%§§g. SRESEr Vel ras tarER) |~|?§8’u8¥*f e To temove

insoluble matter. The filtrate was separated into organic

and aqueous layers. The organic layer was washed with
saturated saline. The organic layer was dried over anhydrous
magnesium sulfate. Then, the solvent was distilied off under
reduced pressure to obtain the compound of interest as a pale
yellow oil substance (7.02 g, <100%).

[0138]

(Example 31) [{1IR,3S,6S)-6-{aminomethyl) -3+
ethylbicycio[3.2.0}hept-3-ern-€-yllacetic acid
benzenesulfonate (exemplary compound No: 8, optically active

benzenesulfonate)



reduced pressure, and the residue was purified by
silica gel chromatography to obtain the conpound of
interest as a mxture with the starting materi al
(2.38 g) (35-e) Ter:-butyl {30-_(18, 5R, 6R) -6-
(am nonet hyl ) -4-

et hyl bi cycl o[ 3. 2. 0] hept -3-en_-6-yl i dene] acetate A
m xture (2.38 g) of tert-butyl ()-[(1S,5R 6R)-6

(ni tronet hylg- 4- et hyl bi cycl o[ 3. 2. 0] hept - 3-en- 6-
ylidene] acefate agd—tedNHbutyl ()-[(1S,Z-)R)-4-

et hyl bi i 3. 2.,9‘] hept - 3-en-6-yl i dene] acet at e was

di ssolyed ip eth | (30 nmL). To the solution, iron
pgwder~(2. 25| g, |40. I mBPPland then an aqueous

nmoni u orTde (0.43 g, 8.1 mml) solution (10 nl)

CHpere added, and the mi phepggwas stirred for 4.5 hours
under heating to reflux. The mixture was allowed to
cool and-then filtered through Celite to renove
i nsqlruklee cmt ter,. T 5 ( 1,0, \ ncent r at ed d . L
S( ; ,6@ t6 (g_n}-g_t}l%msoéhvlh) git}l]%%%%va}(c{oﬁ.ﬁeﬂepnept 3

the resi due 'was dil"'uted w"t €.

en-lptjpnas avashed whth asat upated @§E539§s§9bgﬁi89

of 'sodi um bicarbonate and dried over an r ous

hedmgnesiim suld at@:eJhenso1theosolyent was dicstill ed
of f under reduced pressure, and the - 156 residue was
bempandsEld dni siddich gehobpdtiite chanaat Bgr aphyitien was then
obtain the conmpound of interest as a colorless oil
allensd dicecoqll. 0D yromOtemyeehtsren tToe steps)tif@Ssdlid was
g -[ (1S, 5R, _6.Rj) - 6- (am nonet hyl ) - 4-
COetdyT 9 Bit|0] 3-8 0} tlept -Tcerp@Blid |woetWased dvith water (15
Tert-butyl () - [ (1S, 5R 6R) -6- (am nonethyl) -4
nhletdRA RRSFeI D] 2. 0F Hept 2 V_REUBT yPiEenePacbtata fhe0gompound
-0, 3.8 mol) was dissolved in a4 N hydrochloric
O R HY I hckt R EPT5oF Rt Foh1 209 nt Y, 9and 'fhe ni xture
[ stirred at room tenperature for 1 hour. Then, the

PE2Uting solid was col lected by filtration. The

(o5, PUEper e B HIE c2idaneel, -
spiro[bicyclo(3.2.0Jhepta-2,1'-cyclobutanj-3-en-6-yljacetic
acid (exemplary compound No: 39)
(32-a) Methyl cyclobutylideneacetate

Sodium hydride (>65% oil, 3.62 g, 95 mmol) was added to
a tetrahydrofuran solution (200 mL) of trimethyl
phosphonoacetate (18.21 g, 100 mmol) under ice cooling, and
the mixture was stirred for 1 hour. To the reaction solution,
a tetrahydrofuran solution (50 mL) of cyclobutanone (5.00 g,
71.4 mmol) was added dropwise, and the mixture was then
brought to room temperature and stirred for 1.5 hours. To
the reaction solution, a saturated agueous solution of
ammonium chloride was added, followed by extraction with

hexane. The organic layer was washed with saturated saline



triethylam ne was then added dropw se. Again, the
resulting powder was collected by filtration and
dri ed under reduced pressure to obtain the compound
of interest as a white pov hf£ (0.51 g, 65%. [C143]
(Exanpl e 36) () - [ (1S, BR"BR) -3-ethyl -6 |
(hydr oxyam nonet hyl ) bi cycl o[ 3. 2 0] hept - 3-en-6-yl j acet i
c acid hydrochloride Amonium formate (1.10 g, 16.9
aHQHﬁﬂQGQMﬂyﬁﬁkﬁ%hY@#@ms madra@ol ufil Guifptsuspiimsi smloént was
. tert-buty (1S, 5R, 6R) - 3-
dlSetlHylMB C[%ylarr §/a¥r$¢1‘e°}¢l®tm¥$§iéﬂéyclt9[ gbzadphh&pe- 8ompound
I%/ea%acetate (0.50 g,. 1.7 nmol) and barium
Of'§ﬁ1 ‘essu%%ort%@lep%$+%ﬂWuﬁffCﬁégngn”ﬁnd1@h84n€xt6@@0

d at. room erature for 19 hours. Water
(3W%§ a%%%%°?%e?%$% { and the m xture was then

fi h&e‘iﬁ%nt 'Erl%%r}m%e'h'c&aerfao egfm ki dgthggl uble g@%%ﬁ%ddaa to

The so I on was concentrat

= dns i ldited, i hs et vl onces ab emghﬁf%'mg%gﬁnsodl um

washe a saturated aqueous utiro

cy&ldﬁﬁg¥ﬁﬁﬁﬁh@@degét§d 9g6§23@hVQWQU§ %ﬁ%@?s PHEI ice
sul fate. Then, the solvent was distill under

codﬁﬂmgﬁdnﬂﬂe§§@rﬁ1x@ﬁﬁet@§s £€sirdde W@SLQQ%|Ek%@ebfor 2.5
silica gel colum chromatography to obtain a

howmdd or Meshdricqui 0L q w34 a)d ahe N i aghdowassdiss0l Nedroxide
in a4 N hydrochloric acid-ethyl acetate solution (15

sojdion ahd mhe worat honedashstretredaat rhenmiienperatvarse
for 1 hour. Then, the solvent was distilled off under

Futtdific e3t PF R3S URE. TOTRet PBRE HatUNAS foUspendad Bycdt haen
addi tion of dichloronmethane, and the resulting powder

fl%&ﬁr?%eﬂ“t%rgec@éélﬁ9'HWHQ1ﬁ¢%ﬁ@u° THas obe ahpedv poivderhyl

stmashed E ghloionethqpe and_ gexape to obtain 1
“?ﬁ%‘%dﬁﬁ%uﬁﬁ Bf rtergst® BRTE et honHRFES (Be1p gompined

mm;%@paéégéb]snto aqueous and organic layers. The organic
layer was washed with saturated saline and then dried over
anhydrous sodium sulfate. The.solvent was distilled off
under reduced pressure to obtain the compound of interest as
a pale yellow oil substance (22.14 g, <84%).
(32-¢) (1—Vinylcyclobutyl)ethanoL

Cyclobutylideneethanol (22.14 g, <60 mmol) was dissolved
irn triethyl orthoacetate (25 mL). To the solution, phenol
(1.02 g, 11.6 mmol) was added, and the mixture was stirred
for 1 day under heating to reflux. The mixture was allowed
to cool, and saturated saline was then added theretc,
followed by extraction with ethyl acetate. The organic layer
was washed with saturated saline and then dried over
anhydrous sodium sulfate, and the solvent was distilied off

under reduced pressure. To the residue, a 2 N potassium



(Exampl e 37) [(1R 5S, 6R)-6-(am nonet hyl) - 3-
et hyl bi cycl o[ 3. 2. 0] hept-3-en_-6-yl]Jace -~ ic acid H
NH, "///"/ COOH CH3 p-Toluenesulfonic acid (13.14
g, 69.1 mvl) was added to et hanol (150 ni)/wat er
(50 nL) suspension of tert- Bg¥§
[(1IR 5S)-6-{[(tert-butoxvcarbonvl)am no] nethyl) - 3-
et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl] acetate (10.20 g,
‘hy@goxide-msghanmdl yoantibnon 8fowder wa$. 64dgd,1&hd the
~mmol ), and the mxture was stirred at 80C for 2.5
M1FeFS. WFheshi xrafeowasnighltowdd raom ceolpeand uten The
filtered through Celite to renove insoluble mater
SORH S oV | %}hsa’ééleaneéﬁt Pafed, ravhase presistus wasd the
dlluted Wit Q acetate. The dilution was washed
W Vﬁ?er aﬁd éFF@dvﬁgeﬁnaﬁhidWb@ﬁuﬁ@@ﬁe§ﬂgﬁum hydroxide
ate. Then e olvent distilled of f under
OISISJLiuced P esgﬁpsg gﬁg tﬂéthQ' %w@@rsolFﬂeméguﬁﬁ§ﬁeéayer
hexa 0,,0b Lte.so 14.62 .9) Thi ,
wa%%ﬁ%%un% ggégdfgs%?veaﬁfﬁﬂbgﬁ%éﬁt ¢ %”ﬁﬂ %>qqﬁ§;under

ic&osbiong, PrbOlURBESHLT ARl e oot dr( 127 %’*hgro ke The

was added, and the ture was stirred at

or P S. laJhE whXt Yrenuasyakhowed £Q-coolsand then «reon driea
filtered to renove insoiuble matter. The solutlon was

oveonzenydabed, magdeshem ebt@iarned $0ld @ne2.532 v@n WA s
di ssolved in chloroform (50 m.). To the sol ution,
digtietagl affnenfid-4ratipceds paddedireandThberegeaukt vag
: solid was collected by filtration and suspended in
dl%@%yVeﬁcéFat@tFQBYﬁS?ILT@nth@CBmépensTontho solution,
. 0-toluenesul fonic acid éo 44 was added. The
Liteieg, @l Wasnyrt pEdshfieal(Pyse - ﬁrﬂ@dlépe@mbdﬁ Yalsoumeraradided
unCﬁhe obtalneg solid was washed with nethanol to obtain

fre tONPOYAUIBE i nteF JeIXHeTE WAFt BrBERE tPOroemg,

temp@rature and then stirred for 7 hours under heating to
reflux. Methanol (1.5 mi) and & 1 N agueous sodium hydroxide
sclution (1.5 mL) were added thereto under ice cooling, and
the mixture was further s=irred a:t room temperature for
hour and then filtered through Celite. The residue was
washed with dichloromethane and saturated saline. These
filtrates were combined and separated into agueous and
organic layers. The organic layer was washed with a 1 N
aqueous sodium hydroxide solution and saturated saline and
then dried over anhydrous sodium sulfate. The solvent was
distilled oZff under reduced pressure to obtain =he compounc
of interest as a colorless oil substance (1.94 g, 25%).
(32-d) Methyl 3-hydroxy-4-(l-vinylcyclobutyl)butanocate

A dichloromethane solution (80 mL) of oxalyl chloride

(1.88 mL, 22.5 mmol) was cooled to -78°C, and a



[014] (Exanple 38) ()-[(1S,5R 6R)-6-(am nonethyl)-_-

nmet hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yi ] acetic acid

(exenpl ary conpound No: 2) (38-a) Tert-butyl

()-[(I'S,5R) - 1-net hyl bi cycl 0[_3. 2. 0] hept - 3-

en-6-ylidenej acetate (E/Z ni%ture) - 159 A

tetrahydrofuran (15 nL) solution of tert-butyl

di met hyl phosphonoacetate (3.29 g, 14.7 muvol) was added
didhdpwiose tatn@Csever iDn (M0t e8.)t & diefdahydraf uran; {15 3

m.) suspension of sodiun1hyd2ide (0.59 g, é%%%fﬁ%ﬁér (30
mLamdR) 0 andl)t e smaxidede drapwsitder etk @it HC ok I8 xture was

mnutes. To this solution, a tetrahydrofuran (15 niL)
stspketi en of/ 81 fret hyDbincyateg3. 2ridheps - 3: 80 6+ 8REthane

1.60 g, 13.1 mmol) was added dropwi se at OC over 10
SO REPEs,(28naLlt heIm (itrvde Wy clstiutydd egtharoem (1.94 g, 15
mmézyperatuteafor 4 hours. The m xture was treated with
el 25t §RFGRe §-BY e AOETET Wi ERAditéehylisttee wasThirther

S+Qr?a§icng¥§ghM@s dri ed over anhydrous magnesi um

~sbf F&t 8° en, TPhe3 sBPYEAt whEl *fikyiamiwe of § mhdef0 mmol)

e re, __and. the.residue was purified b
R R him= B il gy o et e Blovant co

] d i-pt S o a. we Q_l|, substance (1.80
g, nggig/héa .rgf;klgg_ %)FlaTtéPf%?b%ttéﬁjge% zob-h SR ANGeN

hyﬁ):obflls.‘:58, 58)_)1- éhems | y. l_' re ad +~
met hyl bi cycl of 3. 2. 0] hté_’lIg‘tgrl];gtt[e%ﬁ )é’?yllingeﬁ’&*a“ceatdé%a thereto,
foTeowebubyl extraction with dichloromethane. The organic
()-[(1'S,5R) -1 -nmechyl bi cycl o[ 3. 2. 0] hept - 3-en-
lagey wdenepadetiavéthls8Bugat®c? sanohe was diresoliedd Byear
nitronet hane (30 nL). To the solution, 1, 8-
anpgyazapecyetops. audfendecafiden@s( bo3eg: WO JUEH:)] MRS o1 f
added, and the m xture was stirred at 60C for 11
Ungetr §edfRed REREERESwasTa¢ | beetdte €asl diandlaed in
ur at ed agueous solution of potassium di hydrogen

sat
te%ﬁ%@ﬁﬂﬁ?éuﬁﬁg ﬂﬁ@nméddedT@hE?%t%?lUtion' trimethylboron
(6.2 mL) and zinc powder (4.46 g) were added, and methyl
bromoacetate (4.2 mL, 44.1 mmol) was then added dropwise
thereto. After stirring at room Temperature for 30 minutes,
the reaction solution was heated to 40°C and stirred for 20
minutes. The mixture was further brought to room temperature
and stirred for 1 hour, and glycerol, water, and éaturated
saline were then added thereto, followed by extraction with
ethyl acetate. The organic layer was washed with saturated
saline and then dried over anhydrous sodium sulfate, anc the
solvent was distilled off under reduced pressure. The
residue was purified by column chromatograpny to obtain the
compound of interest as a colorless oil substance (1.22 g,

40%) .

(32-2) 3—Hydroxy—4—(1—vinylcyclobutyl)butanoic acid



foll owed by extraction with ethyl acetate. The organic
| ayer was dried over anhydrous magnesi um sul fate. The
solvent was distilled off under reduced pressure, and
the residue was 160 purlfled by silica ge
chromat ogr aphy to obtain fhé-@onpound of interest as
a yellow oil substance (1.80, 78% . (38-c) Tert-butyl
() - [ (IS, 5S, 6R -6- (am nonethyl) -1-
metthd biayeha]B. 2 0] hepteS: e §- yhlacatat g5 TekbiBut¥ks oi:
- [ (1S, 5R 6R) -6- (nitronethyl) -1
supetaytdi €ycl 6] 8, 2<DPhept 13- enebsptiecdans] agetial %x(a%‘rpﬁa- (8-b)
g, 6.4 mmol) was dissolved in ethanol (45 nlL). To the
usspgurtenyl Prindpowded -(6-82nglcytlboumil) andnidher an .22 g,
agueous amoni um chloride (0.34 g, 6.4 mmol) solution
6. ¢95"HPy) were added, and the mixture was stirred for
4. 5hour s under heatln to reflux. The m xture was
3érfbv\E%i~too%bl 4nt-{ hendRi +spied [bhoowgle [3C8l. 0 eebaa-2, 1" -

enpve._ | | ubl tter The sol uti on was

Cy%ﬁﬁgen gtgdena dyrﬁ%ePeéFau@tﬁas diluted with ethyl
acef e Itnign mas.W% with a saturated
aqueo s séiutlo of -5 c%rb%HaFBoéﬁdaaFgeélo@érGr

u e | £ at - SQIvent was,
5. 8oy ous, amanesLym syl LAt R, - 2080, e solyell Vas o onq

distillTed off under re uced pressure

ac¥Bsc paihfdediby (sikiga, ge“k90iﬂmﬂsof959 ﬁgagggl
obtai n the conpound of interest as col brTess™ oi

acéﬂbﬁéan§e4(@:ﬂ@ 06. 96%umo ( B8wd) ﬁhaedL @h%’tﬁg’m;gkure was
-6- (am nonethyl) -1-

st ietdy| di cyed ] ok O hevir3- embB-oHd acet i€ &€ t
Tert-butyl () - 1 (1S 5S 6R -b- (an A 5‘_\(/51)u ipn, dce

wapet hytbi eychod 8eQ. H3hepe- @eea- 6d¢bhaceh@tené0m9Qt@Ia was
3.6=01) was dissolved in a 4 N hydrochloric
staeTed et byl 2 deeeat e feblavednby2exatrctdng thehsekition
was_stirred at room_tenperature for 2 hours. Then,
2CTHRtSol VAt ARSI StIaYd T Wdlerdr edtibed progsated

The residue was ended. b addi ti on of
s G o o P B R R ek Bpa e anc Rafurated saline

in this order and dried over anhydrous magnesium sulfate, and
the solven:t was then distilled off under reduced pressure.
The residue was dissolved in tetrahydrofuran (30 mlL), and the
solution was added to a reaction solution prepared in advance
from a tetrahydrofuran solution (30 mL) of Tert-butyl
dimethoxyphosphorylacetate (1.82 G, 1C mmol) ancd sodium
hydride (63% o0il, 342.9 mg, 9 mmol). The mixture was stirred
at room temperature for 1 hour, and the reaction solution was
then separated into agueous and organic layers by the
acdition of a saturated aqueous solution of ammonium chioride
and saturated saline. The aqueous layer was subjected to
extraction with ethyl acetate. These organic lavers were

combined, then washed with saturated saline, and then dried



- 161 triethylam ne was then added dropw se, and the
resulting powder was collected by filtration. The
obt ai ned powder was washed wth di chl oronethane to
obtain the conpound of inter%st as a white powder
(0.33 g, 47%. [0146] (ExanfPe “39)
(){(1R 5R)-6-(am nonet hyl )-7-
nmet hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl }acetic acid
ov¢pxanpyarguscoapoaaduNosulfafd9- arndesbibuby! whks) Histiiled
(1R 5R) - 7- nmet hyl bi cycl o 3. 2. 0] hept - 3- en-6-yl i dene}
ofhcerdee Thducenppumdsofe nhedeshenassdkhiei ned asi:EFfied by
.0il substance (5.88 g, 53% in the sane way as in
Slk&%ﬁp@%l(ﬁgléyn fpgRMatography to obtain the compound of
. %% I RtSRé' 7-met hvi bi cyci 0] 3. 2. 0] hept - 3-er. -6-one (J.
NS St chentt, P2988Ye530v53248) suestenge 56.-4 Tmeol )7.0%5The& /2
conpo nd of interest was a diastereoneric mxture

mi}r%a‘iln? “conposed of two diastereoners. (39-b)

(3%%% r§%%¥591&)f ﬁ(l:R%_;;)BR% é@?ﬁﬁ;ﬂé%p fé-§-'en- 6- Vi } iaqet gt e | The
g B Yy I B -5 -one

FnCEXampl e ¥(°1-

6-JIparéesfebury= _

() {(1R 5R) - 7- net hyl bi cycl c[ 3. 2. J hept - 3- en-

6- yid stonalaget k- (£ T4k 0-526:d 1 BUBL Y o Theo coppaURd_of 1

interest was a diastereoneric m xture naln y conpose
cyofobthapb-diastérgdimescaéd9ac)k et dawtsyl veh ih

(IR 5R) -6-{ [ (tert-
nipiemsyeand®onyl pain ndf ety | e Tutiedhyl bj 8ycl o[ 3. 2. J hep

. t-3-en- 6-yl}acetate - 162 The conpound of interest
diggeaP by ai Aed - AsOaRnepr-7sabst dAc87( L1l 6951888 li)n wate added,

same way as in Exanple (3-a) fromtert-butyl () {
ang 1|@1e SRy X LR fevhR§| Reated with stirring at 50 to 60°C for
5.5 hours. The mixture was allowed to cool, and a saturated
aqueous solution of potassium dihydrogen phosphate was then
added thereto, followed by extraction with ethyl acetate.
Tnen, the organic layer was dried over annydrous magnesium
fate, and the solvent was distillied off under reduced
pressure. The residue was purified by silica gel column
chromatography to obtain the compound of interest as a pale

vellow oil substance (1.08 g, 81%).

(32-h) (£)-{(1

n
Ut

s

R,6R)—6—(aminomethylﬁ—
spiro[bicyclo[B.Z.O]hepta—2,1‘—cyclobutan]—3—en—6—yl}acetic
acid

Tert-butyl {%)-{(1S,5R,6R)-6-
(nitromethyl)spiro[bicyclo[3.2.O]hepta—2,1'~Vyclobutan]—3—en—
e-yl}lacetate (1.08 g, 3.52 mmol) was dissolved in ethanol (15

ml) and water (6 mL). To the solution, iron powder (0.99 g,



(nitromet hyl ) bi cycl o[ 3. 2. 0] hept - 3-en-6-yl } acetate
(1.00 g, 3.55 mmol). The conpound of interest was a
di astereoneric mxture mainly conposed of two
di astereoners. (39-d) () { E%B, 5R) -6- (am nonethyl)
-7- met hyl bicycl o[ 3.2. 0] hepf3-en-6-yl}acetic acid
The conpound of interest was obtained as a white solid
(281 ng, 460) in the same way as in Exanple (1-e) from
17 t@ermmobutyhd ammonium chloride (93.3 mg, 1.76 mmol) were
%%i(lR S5R)-6-{[ (tert-butoxycarbonyl)am no] net hyl }-7-
ad hyd b cyiee O Bx 2008 heps - Stemrédy fpacét aberEl.ubbey, heating
3.16 mmol ). The conpound of interest was a
to oﬂf%\s%té%eor%ﬁ A o evasred hl 9wednposedobf tien diluted
| astereoners. [0147] npl e 40)
Wl%[(l%a*slﬁzf%ﬁ@ss%th%zaa %%Ph?ltéﬁh ﬁa)lﬁétlﬁyIS]OlULlOD of sodium

bigycl o[ 3. 2. 0] hept - 3-en- 6-yl}acetic acid
bIg; o%#of i %I%Ji | %r?ti%ﬁpoﬁﬁﬁ‘ Kot t&a;)ec/ Ehroughngelite

to/f ﬁo&zxaﬁ%?{ﬁtlk{m @D ﬁ) (pid h% T Egge was separated into

oxycar bon am no
b <0 cet{ acid_163
(?%?5%&%2%8&§?3n1%oﬁepﬁyl)fg e?%é%%%%yc ¥E5. %26 Kaphed
with eflabuyhiagetici A1 9np- tHEHeQe§HEf90@LeaQ%‘gidﬁs ?‘%%msium
mol) was dissolved in a m xed sol ution of ma er (6.

sunt3dten &n&ﬂt@ﬂu§@yﬁe§@dWEﬁ1EM@EO&hGQLSQE@tbQ& HAI Jneduced
and 1, 4-dioxane (13 nL). To the solution,

prefsteet - Bid yhedimcarizonat ea (2. B4ngdrodiBl Or DAY i WAS-hy1
added with stirring at roomtenperature. The m xture
acgpatet fetediovef bl ghl) avashiesidednpendt uhe, maxd urze was
reaction solution was then made acidic by the addition
stigfrqd \it room temperature for 1 hour. Then, the solvent
was distilled off under reduced pressure. The residue was
suspended in dichloromethahe. Tc the suspension,
‘triethylamine was added dropwise, and the resulting powder
was collected by filtration, then washed with dichloromethane,
and then dried to obtain the compound of interest as a white
powder (43%.2 mg, 37%).
[0140]
(Example 33) (£)-{(1S,5R, 6R)—6- (aminomethyl) -
spiro[bicyclo[3.2.0]hepta—2,l'—cyclopent]—3—en—6-yl}acetic
acidg
(33-a) Methyl cyclopentylideneacetate
The compound of interest was obtained as a pale yeilow
01l substance {i4.31 g, <100%) in the same way as in Example
(32-2) using cyclopentanone (8.42 g, 100 mmol).

(33-b) Cyclopentylideneethanol



citric acid, followed by extraction wi th nethyl ene
chloride. The organic |ayer was washed with saturated
saline and dried over anhydrous sodium sul fate. The
residue was filtered and g ﬁentrated under reduced
pressure to obtain the conpound of interest as an oi
substance (2.01 g, >99% . (40-b)
[(1S,5R 6R) -6-{[(tert-
but%mq (rethytdeesnojaetdiytdifBed as a pale yellow
. | bi cyclo 3 2 0] hept - 3-en-6-yl Jacetic acid Sodi um
Olﬁ ‘?ﬁ?%l\ea 3% 8 22U89¢g, 1851pdAnel Ptiwd adecdtien isnmlhle same
waportlons to altetgah drof uran solution (25 nL) of
3{(31% BR BRIT% &7 P bUEERGCBEBBNY| FamileoEnmetiiyiencacetate
ethyl bi c cIo[3 2. O] hept-3-en-6-yl]acetic acid
Eodi Qyém%ﬁy hmol ) and nethyl iodide (4.05 nL, 65.0
3§m,0 ) W&{h&ﬂf.y%jhgge g%g ﬁquperature The mi xture

was stirred & for 6 hours, and

wat ( t. gret o ile t
e ég% dM%% qﬂ&w%%?ﬁ La1n¥%|?8médc8§orless oil

reaction sSolution was ¢ d on |ce

wesdvag ve 4y diethyl ethe 0 y s .
Y mde aci di o ug%ng _;M C|t§?c;§§?gggs F?olﬁ %%amgﬁ“ (32-c)

us e rage pment yi 1dle @b Byhafset ategc THe QBganh e Iayer was
dried over anhydrous sodium sul fate. The reS|due was
(3314} efethundB-16ddrconeent L av edy Uogdel obedusad LREasSHE 8.
Then, the obtained crude product was purified by
SIﬂﬁfﬁb@QDQHﬂQHﬂi ichroregographybtaindtiabs the€olorless oil
ound of |nterest as an oil substance (2.00 g,
Su}f@%’fr%pn”fm otk)- 3 1as 48R BR) the-sehgl w6y as ir Example (32-
[ nethylanlno )et hyl ] bi cycl o] 3. 2. 0] hept - 3- en- 6- yl }acet
H ' - Ry dhokhY o PRRNAY 4) RERgHe behl ofi c SacRd36t bl ) .
1S, 5R, 6R) -6-

dd t
(3%ier?§gﬂ%ﬁ%?%%r%mﬁil?fﬂ§?ﬁ¥f§%£T%o¥%éPH§PP93C acgd[
etﬁ%!m48ﬂﬁdﬁﬁ% 2£C1hent erbsL was oJ,éﬁxﬁéCagcgdlggha brown

oil substance (the partial solvent remained; 504.1 mg, <100%)
in the same way as in Example (32-e) using methyl 3-hydroxy-
4-{(i-vinylcyclopentyl)butancate (4:7.3 mg, .97 mmol;
(33-f) Tert-butyl (i)—(lS,SR)—spiro[bicyclo[3.2.0]hepta—2,1'—
cyclopent!-3-en-6-ylideneacetate

The compound of interest was obtained as a pale yellow
oil substance (232.3 mg, 47%, E/Z mixture) in the same way as
in Example (32-%) using 3-hydroxy-4- (1-
vinylcyclopentyl)butanoic acid (504.1 mg, <I.9 mmol).
(33-g) Tert-pbutyl (#)-{(1S,5R,6R)-6-
(nitromethyl)spiro[bicyclo[B.2.0]hepta—2,l'—cyclopen:]—B—en—
b-yllacetate

The compound of interest was obtained as -a colorless oil

substance (250.2 mg, 88%) in the same way as in Example (32-



mmol ), and the mxture 'was stirred at roomtenperature
for 1 hour. The m xture was concentrated under
reduced pressure, and the obt ai'ned. residue was
recrystallized from hexane- 4%sopr opanol to obtain the
conpound of interest as a wh solid (0.34 g, 47%.
[0148] (Exanple 41) () [ (1S, 5R 6S) -6-
(am nomet hv-) - 2-
g) erstiyldbiteyd-dfut3; 2. Ghhepts, SRr-shivb]aceytto a8i 2. (Ydep)a-
Tert butyl L (2 et hyl but - 3-en- 1- I)oxy]d| nmet hyl si | ane
r+( lvmwomqarr rpmrsxpmﬁmw@m@le £89.3 ug, 16589 mmol) .
') was suspended in tecrahydrofuran (330 nL). To
33t‘ﬁ]e sm#éﬁén&so R, 6rifi“bUCty 4m3trmfm=ﬁ1(15[15-7 M hexane
sol 97. radually added with
SP, Hﬁ”ﬁ’é: BC% raﬂhré %(?l}o]e m%%CfggFPFéa 3afnrhrgtlacetic
acitgmperature for 1 hour, and a tetrahydrofuran
“solution (110 nL) of 2-({[tert-

butr}{la(ébfﬁﬁb%') sl ;uiql %K@s@eggvg >@¢gﬂ@id(T§t ahe ifor}??wa

004, 60,  9307) fen gra
lZa;ddle‘ihgt hereto lI’T ]fﬁe sa;m? JAXtAL e was, skiredsat) 0G, f/lng

for 2 hours and the reaction was then term nated

tertheaddi t |4qn,{o<fl§ satéfated aqueous sol ution of
amoni um chl oride and vvat er, followed by extraction

(nivirtomesthyyl) sciet@ates cyidieo 03 gand thépyer2nas-washegden t B-en-
a saturated aqueous sol ution of ammoni um chl ori de,
e-Yateget atand 343 Uf aved &all memahd. t hen dried over
anhydrous sodium sulfate. The residue was filtered
[01%dd" concentrated under reduced pressure. Then, the

_obtained crude product was purified by silica gel
LX@&% Xnr oﬁ#ﬁt‘o@‘raﬁyh%ﬁrt@ Jobtai #mihemetowpoudd of

NI O U 18,00 T2, (dle)

T G i e AR T ST RGP ?ﬁi'r " solution

(88 AL) 9f:%%ﬂ HEP%XM&&% %E@ﬂﬁgnsé% L—,e rahydrofuran

solution (9.44 mi, 18.C mmol)! was added dropwise over 10
minutes to a tetrahydrofuran (40 mL) solution of ethyl 2-
cyclobutylacetate (2.32 g, 16.3 mmol) cooled to -78°C, and
the mixture was then stirred at -78°C for 10 minutes.
Subsequently, a tetrahydrofuran (10 ml) solution of allyl
bromide (7.90 g, 65.3 mmol) was added dropwise thereto over
16 minutes, and the mixture was siirred at room temperature
for 17 hours. The mixture was treated with water, and
volatile portions were then removed under reduced pressure.
Tc the obtained liquid, ethyl acetate and water were added,
and the obtained organic layer was dried over anhydrous

magnesium sulfate. Then, the solvent was distilled off under



yl)oxy)di met hyl silane (19.9 g, 93 mml) with stirring

at room tenperature. The m xture was stirred

overni ght, and the reaction solution was then

separated i nto aqueous and gr anic layers by the

addi tion of water, foll owed 6% éxtraction with

di et hyl ether. The organic | aver was washed with water

and saturated saline and then dried over anhydrous
recottdmpses$ate. to Thiecsesi the wWasmpbiuhterediaRdrest as »

concentrated under reduced pressure, and the residue
Yelwav theh sitlssoined (h.dRthyl €aé) .chloride (180 nL). To

the solution, triethylamne (2-3.7 niL, 186 mmol) and

34réftham@@mf@hy+4t¢1y©lmmrﬂﬁoa k2, £39i8nBhte were
added wth stlrrlng at 0C. The m xture was stirred
ovér i dhtdigs grit wnd kel nwachyénidel bl esnaasol hetion (9.88

ated into aqg s _and organic |ayers by the
a§?q§ O bt wﬁ?hﬁ#@ﬂgoﬁﬁ?BWFéeaéWé (ﬁéomhﬂyt°ﬁOKDOWEdolu°n°

xtr tlon with - 166  methyl ene chloride. The
'blzm% Ayert was Sedhed (W TR vgatleraawao@raprﬁeem@to (1.80

anhydrous sodium sulfate. = The residue was
dgl%eg?ﬁe?ééfanc Roneent rz ? G rurffe? T ddEe}&-ulb? 438 r el*eAnd

t duee swva ol ved d met hy sul f oxi de
Stl%é% aﬁ% V\gtotellp%nfgjlﬁrﬁs_s) T%t e souao“&na“eﬁd’(casascfjtﬁn

soloyaivele! ¢ 15. AL Y, w2322 40k ) g waswaddedn . Th ur )
stirred overnlgh¥ at 60C, Gnd x&gerghig €%Eb6%as% HW%%tvs-

Thegr,adiiad | yr @sheled Iﬁ@éﬁt@aMhGP@DHh@vé@aﬁEbQﬂs§9Hu5hegatc

was cooled on ice, followed by extraction with

fdietigioerher? iMhelwrganiattayebywdslvashedn thnyl
wat er and saturated saline and then washed wth

(it otsheoeh eyl fdtree) Thetresi die7swas LDl bemed:: was
and concentrated under reduced pressure, and the

ddr@e%m%e Riaist 1 HeHe di aR@| Verl Mhxtoraenas(350rme) atTaoon

sol ution, }QIISObUty| al um num hydride (0.99 M

rery 1%%% sttt orouEY mIhe 6o R ) Wass Hodfediled of:
ondi DS L S0 B L0 TR T U Y8
cofﬂ%ﬁ“uﬁ&5%§%5§r§8ﬂy églgglgmn(l630ggllass 0oil substance as
a mixture containing the compound of interest. This compound
was used in the next reaction without b°¢ng further purified.
(34-c) (£)-4- CyCLooutylpenLa—Z,o—alen01c acid

A 5 N agueous sodium hydroxide solution (15 mL) was
added to an ethyl alcohol (20 mL) solution of the ethyl (%)-
4-cyclobutylpenta-2, 6~diencate obtained in the preceding
paragraph, and the mixture was stirred at room temperature-
for 1.5 hours and subseguently stirred a* 60°C for 2 hours.
Tne mixture was allowed to cocl, and the solven= was Ther
distilled off under reduced pressure. The residue was
dissolved in water. The aqueous iayer was washed with

dichloromethane and then neutralized with a 2 N agueous



then gradual |y added thereto while the reaction

solution was gradually heated. To this reaction

solution, a saturated aqueous solution of sodium

bi carbonate (130 nL) was adggs with stirring at 0C,

and the m xture was then sepdrafed into aqueous and

organic layers, followed by extraction_ wth toluene.

The organic | ayer was washed with water, a saturated
hydguehlsr 5ol atidnsoiusbdhunlbDcarbpnabel oasd bsakwtabhedion

saline and dried over magnesium sulfate. After
wifh | diaklorometingmhe (t rTigherydgphios pleaoyanydd slede) acebat e

(33.9 g, 97.4 nmmol ; was added to the filtrate, and
magpRsS Filkt SR el 9kE-  SHHe reel et aghtdia<¥obesd off under

% ngerature The reaction solution - 167 was
TeESFRent ¥ &t B e and @ﬁ%abbtélH@él@Wuge+pﬁé§§6ﬁnW€saﬁhen

i ed by silica col um chronmat ography to obtain

ml?h%re Aot o7 r%geYEQPoﬁgoaﬁ*oFPL§u6§Panth%§ gomgound

| hep di
wa{ %|un1 dﬁ%xé%%angn %P%rafe 2 %g at?ﬁgh H%gh Fragaritied.
dded t dr of h | = wat 3:3:1, 100
(3AC ?e E%g% Le {aPXEIE#EEaE§r et hanol : water (
cy&ﬁcﬁ%aéy%hwhf@t@ 2. 67080031 (0-521 480522 TR )57

and the mxture was stirrted over ni ght "at’ r oom
mitenpeyature. The reaction solution was concentrated
under reduced pressure. To the residue, water was

t heiv eadeidim  fad daoved( Dyo Svaghi 1. Widdho Oj et by ! agliber to a

The aqueous | ayer was nade acidic by the addition of
diethhyacochhbdec(20i dl.) BolLowed by extraebian with

ethyl acetate. Then, the organic Iayer was washed
cyGdeRuSHE Bent et sht §henand driiédobveinednhpdrioes psedieding

sulfate The residue was filtered and concentrated
PaIRYERPT eUUC U PF £SsARBYES1EBt 4L n0PhE, cdRpdumecdd , and the

. Interest as_an oi. | substance (8.00 g >990) (41-d)
MFePt b\ﬂ?fu 1%, 8R) £9°8Bt Ayl rE%PBFs o1 OPh@ﬁWS-aélﬁ- then

,3tate The conpound of, i nterest was

St%b¥%?n%d L% an Tﬁﬂ nour The mixture was treated with

ice water and a 2 N agueous sodium hydroxide solution,
followed by extraction with hexane and diethyl ether. The
organic layer was dried over anhydrous magnesium sulfate.
Then, the solvent was distilled off under reduced pressure to
obtain & pale yellow oil substance. The substance obtained
here was added to an acetonitrile (2C mL) solutior of ter--
butyl dimethylphnosphonoacetate (C.84 g, 3.7 mmol), iithium
chloride (0.1¢ g, 3.7 mmoil), and 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (C.59 g, 3.7 mmol) stirred in
advance for 1 hour, and the mixture was further stirred for
12 hours. The mixture was treated with water, and volatile
portions were ther distilled off under reduced pressure,

followed by extraction with ethyl acetate. The organic layer



substance (3.00 g, 44% Mjor/Mnor=3/1) in the sane
way as in Exanple (7-c) from
(2E) -5-ethyl hepta-2,6-dieno cc acid (4.50 g, 29.4
mmol ). (41-e) Tert-butyl (), £ (1S, 5R 6S) -2-ethyl-6-
(nitromet hyl ) bicycl o[ 3. 2. O]hePr 3-en-6-yl]acetate The
conpound of interest was obtained as an oil substance
(3.52 g, 93% Mjor/Mnor=3/1) in the sane way as in
wa @@ qUer)airviroes trdgngs i@ ful £Ste5R) TR d6Bvent was
eth Ib| cycl o[ 3. 2. 0] hept-3-en-6-ylidene]acetate (3.00
dlif 43oﬁﬁnﬂga={4qe¢g qerpreusyre, and the residue was
xgl(ls 5R, 6S) - 6- (am nonget hyl ) - 2-
pu M%ll%‘ytﬁb%%‘:@ 93 hept l @] W?’é@@tfapéy Theobtain the
nd. of interest was obial ned_as an oil substance
COTQOWQO 879 S 7B oraM ho¥SR+2Y Phlt AEPSAABCRAY Cadt P 24%)

yé%ﬁ%“%]?44%ﬂg}gxoglﬁe{t pUtg oé% ;l %gtasR 66§{°noaue).

‘%2*%5’1"5@5 A S 0 T HT R R

cyd BB ORI 1583 . 2 01hept-3- elacetate

yet hyI bi cycl 0[305 0] he1te% en ?% y| %u%g%nc Scré 5
t oltusnesilfanats _g'ﬁcg esl,_ |ty N0 M € hept -
(2.17 q, 1fﬂ4 r:rqml) vvaLsgﬂadde o a benzen D%P% |on hept

3-¢206)iddnd padebatyl (0.36 g, 1.4 mmol) was dissolved in
()[(1S,5R, 6S)-6-(am nomst hyl ) - 2 et hyl bi cycl o[ 3. 2. 0] hep

nitr@uetgmé y(]@cet at e TR.tHe o lhld dompol )§-and t he
. mxture was refluxed for 1 hour. The m xture was
A1t 3 kR kol Tobl 0] wndect heerlep68i 2edgsolli-d waslt heas added,
washed with nethyl ene chloride to obtain the conmpound
angfthe ek esraswas g$’a§/~§©4i|@1*(30°1@ Ipr BOBYurs. 1,8-

r/Nlno 3/1 41-h) 1S 5R 6S) -6-
le%éﬁ%ﬂﬁﬁﬂ%yf) é %dec—/ ene é .,)mmﬂ;) further

aa? %yébIQ¥C|o[3%g % & bﬁe?ﬁ§|yagzsagggg% ggld 5) [ 4.5
hours. The mixture was allowed to cool, and a saturated
aqgueous solution of potassium dihydrogen phosphate was then
added thereto, followed by extraction with dichloromethane.
Thne organic layer was dried over anhydrous magnesium sulfate.
The solvent was distilled off under reduced pressure, and the

residue was purified by silica gel chromatography to obtain

the compound of interest as a pale yellow oil substance (0.40
g, 90%).
(34-f) Tert-butyl (£)-[(1S,5R,6R)-6- (aminomethyl) -3~

cyclobutylbicyclio(3.2.0]hept~-3~en-6-yliidenejacetate
Tert-butyl (£)-[(1S,5R,6R)~6-(nitromethyl)-3-

cyclobutylbicyclo{3.2.0]hept-3-en-6-ylidenejacetate (0.40 g,

1.2 mmol) was dissolved in ethanol (2C mL). To the solution,

iron powder (0.56 g, 10.0 mmol) and then an agueous ammonium



et hyl bi cycl o[ 3. 2. 0] hept - 3-en-6-yl ] acetic acid p-
tol uenesul fonate (3.17 g, 8.31 mmpl) was suspended in
net hyl ene chloride (35 nmL). To the suspension,
triethylamne (1.27 nL, 9.14 mml) was added with
stirring at room ten‘peraTuiLé The m xture was stirred
at this tenperature for 169 3 hours, and the
deposited solid was then collected by filtration and
chiwashid (0 107 net hyl 2rench) osbdeaettionoktzamn) th@recge{@a@nd and
of interest as a white solid (1.58 g, 91%
thavapiorfWtnora8/9)1rf9d489r 4 Exahplhesd4@hder heating to reflux.
()[ (1R 5S, 6S)-6- (am nonet hyl ) - 3-
Th Q/IWW*CES/C"PQ)T 32 Plojépee 3cenl6apk] aveni ¢iadckdefi42hapugh
(), 1R, 5R) -spiro [bicyclo [3. 2 . O] heptane-6, 2
C°ll{el tsf} m%Y%n}D%QbWél% FaEEaRydr Bier amlsol on i was (120 -

”L%} ‘%fn R 2° R 4 S 6 R -spiro[1,

co u&%% 2an<%' the[%?%&%lfﬂ el 6f412e0. B2th] 66haRepcetate.

Thd 9 Soc. Perkin Trans 1, 1980,, 852) (20.0_g,
Cb‘ 3“ WhES ﬁ%%%w\}—afadadsaraﬁwtgs aﬂaeaus solution of

Soaﬁﬁm%%%%d‘?ndeﬁ%e% §§§Q g‘ﬁ%}/qrogﬁ gttagprﬁﬁblmatsul ate.
ThAC dhe 50 xane w?—!@sdf'é%rifg 0)5?”‘%\%%&: ?r&)qug\g]tce_lprfésgre,

tenperature, and tetr dr of uran
andﬂﬁhﬁafé@ﬂ@@QUﬁQﬁsousoﬂiQ@1Bydégxh@% EQHUEEEHmQG's
mj, and water (20.4 nL) were then added thereto
chwdnid ®odhept pacs i oS0k uthoncvasocael ed 9Rtcire8: Thea
m xture was stirred at roomtenperature for 3 hours.
colel e xtar e swasstahcer €d. 30r gugh3€el.ite and
concentrated under reduced pressure. Then, the
(3%ttlai fEd- CfUsledhr @Rluct- vasinpuethiyed-By silica gel
col unmm chromat ogr a ha/ separation from positional
CY?%T@@WY%%?%? h%%ﬁre@réurﬁ)]ap@t@bt acad() -
(1R 3R SR) -SpII‘O [bicycio [ 3.2.0 ] heptane-6, 2'
[ 1. T3] WugRal al 55% o of t (embremeicey X 7-78 g,

cyé%%@ubylblcyclo[q.A.O}hept—B—en—6—ylldeneJacetate (C.30 g,
1.0 mmol) was dissolved in a2 4 N nydrochloric acid-ethvyl
acetate solution (10 mL), and the solutiorn was stirrecd at

room temperature for 1.5 hours. Then, the solvent was

distilled of

t-h

under reduced pressure. The residue was
suspended by the addition of dichloromethane. To the
suspension, triethylamine was then added dropwise, and the
resulting powder was collected by filtration. The obtained
powder was dried under reduced pressure <o obtain the
compound of interest as a white powder (0.17 g, 67%).
[0142]

(Example 353) (i)—[(1S,5R,6R)—6—(aminomethyl)—4—

(W8]

ethylbicyclo[3.2.0lhept-3-en—-6-yllacetic acid (exempiary

compound No: 34;



D et hyl sul foxide (9.11 nL, 128 nmol) was added to
a nethylene chloride solution (110 nlL) of oxalyl
chloride (5.50 - 170 nl, 64.2 nmol) with stirring at
-78C, and the m xture was stirred at this tenperature
for 5 mnutes. Then, a nefh}Péné chl oride solution
(30 n.) of the above-obtained al cohol (7.28 g, 42.8
nol ) was added thereto. The mixture was stirred at
(3%+d)s Nenper adtrtenhfDiedSank natasendhes, (byzenhykamcne
(23.7 nL, 171 mmol ) was added thereto, and the
m Xt (hed ey dredtuern t{@ T odm t soper Bdniref aneiwétryed.
The m xture was separated into aqueous and organic
PhQSRREOIRL T Hee atftli ¢ 7 ofr 025 011mblhydrechtdeiicdacbthise at
.-The orqanic | ayer was washed with 0.1 M hydrochloric
0°CaoVE T wat®Mr &Rd s ddreathatd saf ynen ahdb thien slrspensdver of
nhydrous, sodium sul fate, The residue was filtered and
SO%&%&H?&% {J]ntl;BeAr Yeddtted predstifel) Thelp e mixture,

- ' d t urified by silica gel

e 2 4 B aPk kR Bl d B E mixture
j nt N i | ~o-SUbSt 6. 6 . 929 . (42-b

v RS T 1 G 101 3 0 Rep o) tote. GOt er @

et pxod A 13- ¥4 5t f | y@{@g@%ﬂ&egsg%gg%ﬁ-E’%ﬂés'(%mse g

bi s(trinmethylsilyl)amde (O. tetra rofuran

22 $0lndhd oN, w96 . Sl 1) inute e
N,w Hddg 484y 152 é,\;\@fce?éj\gixed%@ minutes, and the

tetrahydrofuran (180 ni), an drof U an
mixsning iwas (85irmd of fo9m-tbhPerdRhirespbroz[ bi ayeke R34

. 2 . 0] heptane-6, 2' - [1,3]dioxolan]-3-one (6.11 g,
sulgk@iemnly swasrge@dial §y°adied 3 diepv se ThRerata Wd hyas
stirring at -78C. The mixture was stirred at this
tredmfserat vr evd R r 2 dodireelandla pbetiahydwetarahen distilled
f__solution (95 nL) of N phenylbis (tri ‘ _
OLif YRR Onet HAMNeRU T ons P de) {27igwgd 4B, axmmeryiomawith
hnthen gH?Fualgy added dropw se thereto. The m xture was
SNk ed 16 FOGRILENIEHATME SriF S1§ (IEF VEIRZMS magnesium
sui@g%g.tl¥%en, the solvent was distilled off under reduced
pressure to obtain the compound of interest as a pale velliow
oil substance.(3.04 g, 79%).
(35-b) 3-Ethylhepta-2,6-dienoic acid (E/Z mixzure)

A 5 N agueous sodium hydroxide solution (14.5 mL) was
added to an ethyl alcohol (40 mL) solution of methyl 3-
ethylnepta-2, 6~diencate (3.04 g, 18.1 mmol), and the mix<ture
was stirred at room temperature for 17 hours. The mix-ure
was neutralized with a 5 N aqueous hydrochlioric acid solution
(15 mL), followed by extraction with dichloromethane. The
organic layer was dried over magnesium sulfate. The solvent
was distilled off under reduced pressure to obtain the
compound of interest as a pale yellow oil substance (2.C1 q,

71%) .



- 171 reaction was term nated by the addition of a
saturated aqueous solution of anmmonium chloride and
water, and the mxture was separated i nto aqueous and
organic layers, followed 3é %xtraction wi th di et hyl
ether. The organic |ayer ~ 4washed with saturated
sal ine and dried over anhydrous sodiumsulfate. The
residue was filtered and concentrated under reduced
(3pressDeet-Bhenl the-obtai BrU-arudeyDHAGYE INES 2. 0] hept-3-
purified by silica gel colum chromatography i
ent{sepatacetoacerone 8Lt momalriesomers in regard to
olefin) to obtain the conpound of interest as an oi
sulRt eheel @, F2egat 4308 56 (42-8%- 1 _mol( 1Ras58dded to a
,-3-vigglsgiro [bicyclo [ 3.2 . 0] hept-3-ene-
dimeohy 1233 HrBkE2ane® Mt hPamUERsr cde CE U et , 6-

.ol ), _tetrakis(triphenyi phosphi ne)pal | adi um (0)
170058 8518, 44 oy | L SaRAmROLRO P AR ARUE e (2. 66 g,
26?%ggﬁgypgga%?rEh%g%ﬁggége?wageg%gg¥%%pggy%&km?%éﬁﬁé?gture
spirplhbicyclo[3, 2.0l hept-3-ene-6,2" =1-1, 3] di oxcl an] - 3-
fc’yli ?‘[??fl%g!?o%grﬁaﬁééﬁ FSnSt“e*gg. 32tgr ?.%@dﬁﬁm)ﬂl@rhe

miEXEHr fasWascheatieditq Lefhux fare2 hayrs.; and mater .
was the%sadded to %he reaction gglu??%ﬁfjfbﬂ(ﬁﬁgiﬁxfc by

exexacacbhonivht BideayYkrhethertndhergrgani g Layer Wag i eq
washed with saturated saline and dried over anhyérous
ovgpdannydsal§ ahegndbeumesudietwas Theht ergd a8Bdvent was
~concentrated under reduced pressure. Then, the
digbihiaedotf udedprodaduceds ppesisiired kycsidHe aggtldue was
colum chromat ography to obtain the conpound of
arphiefes? aglumnorhropabsvanpdy( 890 omyaif2@; pA142v@llow oil
Tert-butyl () [ (1R 5S5) -3-vinylbicyclo [ 3.2.0 ]
SURIPELRe en-TTHE VRN Te ael- 2 NEd N¥pe ¥ys- agddrd §8) an
~o3zvinylspiro [bicyclo [3.2. Q] hept-3-ene-6, 2!_
2S$1°%% gt oxol é%%] Med9FOhY £ 1858 "SIy Rk vdi ssol ved in a
diﬂ%%ﬁglphosphonoacetate (2.60 g, 16.6 mmol), lithium
chloride (0.70 g, 16.6 mmol), and 1,8-
diazabicyclo[5.4.0]undec-7-ene (2.60 g, 16.6 mmol) stirred in
advance for 1 hour, and the mixture was further stirred fo-r
3.5 hours. The mixture was treated with water, and volatile
portions were then distilled off under reduced pressure,
foliowed by extraction with ethyl acetate. The organic layer
was dried over anhydrous magnesium sulfate. The solvent was
distilled off under reduced pressure, and the residue was
purified by silica gel column chromatography to obtain the
compound of interest as a yellow o0il substance (2.20 g, ©68%).

(35-d) Tert-butyl (£)-[(15,5R,6R)-6-(nitromethyl)-4-

ethylbicyclo{3.2.0]hept-3-en—6-ylidene]acetate



sol vent of acetonitrile (16 nL) and water (7 nL) To

the solution, 2 Nsulfuric acid (2.60 nL) was added

with stirring at roomtenperature. The m xture was

stirred at room tenperature for 7 hours, and the

reaction solution was thefi lRéufralized by the

addi tion of a saturated aqueous solution of sodium

bi car bonate, followed by extraction with ethyl

acetate-bdthel organi c1$ ayer- aest mashedywi thsat gy ﬁ&§6-3-en—
- saline and dried over anhydrous sodium sul fate. The
6-yesfignel mastaftiel tdred gnd9cdnoentlnated wideolrneduced

_pressure. Then, the conmpound of interest was obtained
niggopAthpnesBst ahte (TAOthwy, sobB% oaj oy BM nor=2/1) in

.the sane_way as in Exanple (11-e) fromthe obtained
dl%iﬁ?sg)@é@\bgnfh-eﬂeyeﬁér ~2ng] Képt/-73Sen 1163 omel)( 42ce)added,

t - but R, 5S,6S)-6-(nit t hyl) - 3-
an%ﬁﬁ%bﬁ%?ﬂ%%% S .(5lfr%gpﬁ‘gg[r@rﬁg‘ng-efi‘%%raé@éﬁatf@fﬂﬁé hours.
A %gggg%gdgg%e |

rest s obtained as an oj,= substance
S ReLERRBTEy RO AT EREHEYCESRE
nbLOALLE {5 bu ~ . e et .
eho3f 5%) g ot %PE.& §£:‘F6r3.02. OPRERISS &Y SEErqtdemeith
di8kebabRe{ a0 Trde 06 2D J - 1 )?é-f estibyt ¥l 0) -,
l(!R, 55? 65) - b (an1ﬁ%%ﬁ%thy§ Fs%al LSRN vag akhyd;ous
mayh8yhbihcycl ok8e2. OlheodsBrem: 6rys]l 8¢t at €osThe: 1inger
conmpound of interest was obtained as an ol substance
red82&dngre88%yei, nahHet5aneewayLas walz E&&E&H%d(%@akilica gel
fromtert-butyl () [ (1R 5S, 6S) -6- (nitronethyl) l
chrgmavpaykbhygycbopBiaif] hept c3menubidy lfadetatre st6 &8 1y,
2.28 nnpl%. 173 - (42-9) () [ (1R SS., 6S) -6-
mixBAFAoethyfpe- gtarting material (2.38 g).
vi nyl bi cyci o[ 3. 2. 0] hept - 3-en-6-yl Jacetic acid p-
(3pofuchesutPohste (The [ ¢0ApoBNAROF SHkeresmenay 10biai ned
as-a. light gray .solid_ (590 ng, .78% in the same way
Etla%l?hcégg%Sea(Qﬁ?g_y‘ﬁrsﬁfOfé’%tld@uf&e;lﬁcetate
(“7A(A£§€E§§5?é5§§ag3”°PEEQ¥%253£y1 ()~ (1S, 5R, 6R) -6~

3
&
In

2
c
t
)
c

of
(nitromethyl)-4-ethylbicyclo[3.2.0]hept-3-en-6-
ylidene]acetate and tert-butyl (%)-[(1S,5R) -4~
‘ethylbicyclo[3.2.0lhept-3-en-6-ylidene]acetate was dissolved
in ethanol! (30 mL). To the solutioh, iron powder (2.25 g,
40.1 mmol) and then an aqueous ammonium chloride (0.43 g, 8.1
mmol) solution (10 mL) were added, and the mixture was
stirred for 4.5 hours under heating to reflux. The mix-ure
was allowed to cool and then filtered through Celite to

remove insoluble ma=ter. The solu*ior was concentrated, and
the residue was diluted with ethyl ace=ate. The dilutior was
washed with a saturated agueous solution of sodium

bicarbonate and dried over anhvdrous magnesium sulfate. Then,

the solvent was distilled off under reduced pressure, and the



vi nyl bi cvcl of 3. 2. 0] hept - 3-en-6-vl ] acetate (527 ng,
2.00 mol) (42-h) () [ (1R 5S, 6S) -6- (am nonethyl)
-3- vinyl bicyclo[3.2.0] hept-3-en-6-yl]acetic acid The
conpound of interest was pbigLned as a Light brown
solid (286 ng, 89% in the sake way as in Exanple
(41-h) from
(1)[ (IR 5S, 6S)-6-(am nonet hyl)-3-vinyl bi cvcl o] 3. 2. 0] he
regidi® was -Bindfeethy atldca- geluenésuhf chateatb8amhy to
1.55 mol ). [0150] (Exanple 43) () [ (IR 5S, 6S) -6-
onqﬂﬁ,ﬁﬂﬁﬁqgmgougﬁ of interest as a colorless oil substance
ethynylblcycl 3.2,0] hept-3-en-6-yl Jacetic acid
(1 (QPs %) 1951 TFieEEhvin [tYQrRsteRBs)-spi ro [bicyclo |

356‘ o 01{ ensﬂoﬁso%m %lh;]ﬂ @WFTWWF]@M aﬁehl ]
98%
%l@%oﬁ% %T@W b PRt PO mes el AE15 1 ot )

Eggggr ngyl "' @gp%g§3545_gt e ;mﬁE?%léd%éd to a

i ol 9t ione(5, af
etﬂyfﬁﬁég% @gﬁgg}gg?%?cy% é936290FEEn 1abR€ate (1.00 g, 3.8

mm&&ﬁﬂﬂa@ A sddadddi oxoban w3nYhrochloric ac1o ethyl acetate
trifluoronethanesul fonate (2.42 g, 8.06 mml) obfained

solut Fxanpt @ ¥R, bind Thee Mxktthee was keatedcwsthroom
stirring at 50C for 2 hours, and a saturated aqueous

t e xa fore of oanhronoum chitri det masrébebt addedol odt hes
reaction solution, followed by extraction with diethyl

colterered 1w faheratyani c Thyesoad washedspentied by the
saturated saline and dried over anhydrous sodium

adgifFenr e0f THEChH kT AR hABef i | Terelde andspenatent r at ed

. er_. reduced pressure. Then, the obtained crude

riﬁ%hﬁkﬁmﬁ%% ¥eri FRel BY9s ?I?Eﬁpﬁépecolﬁﬁﬁlnf the resulting

mat ogr ap %ﬁto obt ai.n conmpound of interest as

pof TS TihE E%d(’i—‘/m E; r%*ééj’f GRS 6 16T thgagy Foppeed

s A co - :

Pr %tél%;t %S|Ty L} eEn§a"5PTB |cycI&F§e S5 hESt 23¥WERTE. Powdes
oy$1 dgne}ecet ate

[C143]

(Example 36) (*)-[(1S,5R,6R)-3-ethyl-6-

(hydroxyaminomethyl)bicyclo[3.2.0lhept-3-en-6-yljace<ic acid
hydrochloride

Ammorium formate (1.10 g, 16.9 mmol) was added to an
ethanol (10 mL) suspension of tert-butyl (#)-(lS,5R,6R)-3-
ethyl-6-[ (hydroxyamino)methyllbicyclo[3.2.0lhept-3-en-6-
yllacetate (0750 g, 1.7 mmol) and barium sulfate-supported
palladium (0.05 g}, and the mixture was stirred at room
temperature for 1% hours. Water (20 mL) was added theretoc,
and the mixture was then filtered through Celite to remove

insoluble matter. The solution was concentrated, and the



The conpound of interest was obtained as an oil
substance (1.50 g, 69% Mjor/Mnor=2/1) in the sane
way as in Exanple (42-d) from() -trimethyl [ (1R,
55) -
spi r o[ bi cycl o[ 3. 2. 0] heat - 3- ene 6,2' -[ 1, 31di oxol an] - 3-
ylethynyl ] silane (1.78 g, 7.17 mol). (43 c)
Teri-butyl () - [ (1R 5S, 6S) -3-ethynyi-

resgsiug ot .Y irEyel ©f 32 ehpl hepetater. -iBwlq:abetmne was
The conpound of interest was obtained as an oi

wa vairide § %#@at%%qvﬁotﬂﬁe%éﬁ’él%yoasspﬁlEmarrpl e

rtbrc? fromtert-but g (1S, 5S) 1

bl%? WﬁﬁQUﬁ%ﬁl?¥3é?h%ﬁyF]BP y€F8P§ @aGPﬁéﬁpng@ﬂ. e. Then,

PSR S utlnd iy by ool D IR s ene
t | 0] he 3-

re§iJ&gW %%6¥9 %é?%s Jmas O%?Zgﬁgd¥8sugﬁ 8|F°§86§€§ﬁggy fo

-t 4w “. (=)
o> M BAoLo LTSN 39, EBAMELNA cinsoine

v1n.@ﬂhiﬁ@”¥§$w$&@1&yféo£3ld2e f k§EEt§t§ns§1¥=L6qet§BemL

(870 ng,” 2.99 mmol 175

and)ﬂKéF%éﬁﬁfﬁﬁrﬁwiﬁntﬂoﬂﬁéhvb% Eoom temperature for 1 hour.
et hynyl bi cycl o[ 3. 2. 0] hep--3-en-6-yl ] acetic acid p-

Tharpl ugmnesubIvmar evdbedcsnpdilied offi nhdeestedaseabbaicredre .
as a pale yellow solid (821 ng, 90% in the sane way

ThagdsmE@anpie $udpeghdédony teet abdiigbon of dichloromethans,
()-[(I'R 5S, 6S) -6-(am nonet hyl ) - 3-

an%t?ﬂﬁ]ﬂ?ﬁ‘éy@r@? PWOFRepRs3tEaN6CplL] aebedt by( 630 trgsion.

41 pmol). (43-f) (O)[(IR5S, 68) 6- (am nonet hyl ) - 3-

Th%n%@w@+%w%v8@%?%r2W®fh@ﬁﬁh§dew 160y PLaB&PFEMEENGTFh@nc

cor'g)ound of | nterest was ogt ained as a Ilght br qwn

d0 371 839) CPRPPHB s Aire THaF "85 T ASERaMpES powder

(oﬂfH-Q) fzom
[0144]
(Example 37} [(1R,5S,6R)-6-(aminomethyl)-3-
ethylbicyclo{3.2.0]lhept-3-en—-6-yllacetic acid
H
= NH;
/ ’I///// COO H

0O
>

p-Toluenesulfonic acid (13.14 g, 69.1 mmol) was added to
an ethanol (150 mL)/water (50 mL) suspension of tert-butyl
[ (1R, 58)-6-{1 (¢t tert-butoxycarbonyl)aminojmethyl}-3-

ethylbicyclo[3.2.0]hept-3-en-6-yljacetate (10.20 g, 34.

(6]]



O [ (IR 5S,6S)-6-(am nonet hvl ) -3-et hynyl bi cvcl o[ 3. 2. 0] h
ept-3- en-6-yl ] acetic acid p-toluenesul fonate (821
nmg, 2.17 mmol) [0151j, The physical analysis data of
t he compounds described in Ehe Exanpl es i s shown

bel ow. 176 - [Table 2] Exé & Anal ysis data No.

1(1-a) 1H NMR(400MHz, CDC13) :d ppm 2.21-2.26(2H, m,
2.32-2.37(2H, m, 5.01-5. 08(2H m. 5.75- 6.87(2H. n).
mmd 03274 L di, poyde( 19bp4IGE NWVRC400MKZ 1 ) ¢D§;@) trd RR%:Lre

Maj or isonmer 1.45 (9H, 9S), 229235(1H .
waD $2i2rdd 42H301) ,f&x 89-2.198(ts H THe nﬁ.ﬁ7u13= 35&(4 |'<Jstllowed
m, _3.92 (1H, broad), 5.47-5.49 (1H, m, 5.80-5
to (o9pl mnd Nier fiohered. 49rpakh §)3712e4202ré81067b1hm§b,lub1c
2.62-27. 71 (2H, m, 2.89-2.98 (2H m, 4.34-4.36 (IH
maTﬁ°r 5 T9E. 50381 {(lgq Wﬁ)s %oreqcrs*:aaate@H amy.thélzeditBe was
(FAB) 290 (MtNa) 1H NVR(400MHz,
Jdii )Wl?r:g p?ﬁﬁlyf ﬂ% es),The sy} 4fiem, was7wsesned with

wafn ) gy G ?de£$u52m§§n§§s§%w FEARE %?;%em the

oS T B gl gy e

ob%ﬁﬁgﬁsk%%ﬁﬁidfa% g%shédgbh%n ﬂé%a FB?MBS49 a wnite soTid.

(14. @7 (¢ H cdd.s J::cﬁnt&»ur%qriafi 1 F(4&  d
3=2. 3% 16. 8Hz), 2.25(1H, d, ]Cﬁléigs%vﬁ}@ 2 %‘Z?LFF (100 mL) .

To J=18. §&ﬂ0tl&h4752‘556éhbsﬂitoalz5ééth unﬁt
J=7.4Hz), 2.88(2H, s). 2.98-2.99(IH, rr), 9579(

wagnadde@7-dnd@{AH, mixtlifd- @3 sMpt1¥6478€. 80° for 2.5 hours.
1H NMVR(400MHz, CDC13) :d ppm 1.49(1H. dd, J=7.8,

ThelZ“-S?H'zUT§° wa P Lpweddr o Je@ob, 2d6tna. Sy ered. 18( tomove

J=2.6, 16.8Hz), 2.49(2H, s), 2.48-2.56(IH ),

lns? FHIREERE; U eHelutinn i 1syentyated, 18(dHhe

S %27 (3. 22(1H d =12 7H7), 5.75-5.78(1H m,

Co e REAEH-) (RBF)d+SE%18d2953chzsg@foz@4®50 mL) .

1504, , 13 5, 1174, El
fo ]1%%5 ﬁlﬂéﬁn “EAFchY BT IEF of 5ﬂ|d§L ng%ég?eaH and the

resfuPHnct s 65..1 N o
S”21(2 b)é\llﬁgﬂhg( 4%%NE§ %:BC%% gdepp ;iligﬁ ipztg(sp;,peﬁjj:ec in
etnkAHMHasd . (A5 %L H Tgkkné ghéﬁvéglOnFjpzégiuenesulfonic

acid (0.44 g} was added. The mixture was ultrasonically

mmol}

irradiated for 1 hour, and the obtained solid was washed with

methanol to obtain the compound of interest as a white solid

(C.0€ g, 1%).

[0145]

(Example 38) (i)—[{1S,5R,6R)—6—(aminomethyl)— -
methylbicyclo[3.2.0]h en-6-yllacetic acid (exemplary

compound No: 2)

(38-2) Tert-butyl (i)—[(lS,SR)—l—methylbicyclo[3.2.0]hept—3—

en-6-ylidenejacetate (E/Z mixture)



2.14(1H. dd, J=2.3, 16.8Hz), 2.25(IH, d. J=13.7Hz),
2.32(1H, d, J=13.7Hz). 2.47-2.55(1H, n), 2.75(1H,
quint J=7.4Hz), 2.88(2H, s). 2.98-2.99(IH m,
5.77-5.79(1H. m, 5.87-5. sgl(gggf.m. 2(2-c) M. 190-191C.
[a] 25D -159.3 (c=1.06, HZO~>1H NVR(400MHz, CD3CD) :d
ppm 1.49(1H, dd, J=7.6, 12.5Hz ), 2.06(IH ddd,
J=2.6, 7.6. 12.5Hz), 2.17(1H, dd, J=2.6, 16.8Hz),

2. BOteHrabydref48a2, 58E1RL ) msolaB6frl Hf quért~butyl
J=7.6Hz), 3.15-3.17(1H, m, 3.18(1x, d, J=12.7Hz).
dlmﬁft@z@mowh%}e&:%e 622 53,7814 H) ™polh. 9ds 5a@3¢H H,
. IR (KBr) : cm1: 2953, 2896, 2840, 1635. 1573,

dropggse p399°C1o78r 52m.inulvss( Eo & uﬁtrammrc(ﬂ\man Al .mL)

cal cdfor N SNO2: C, . 66.27:_H 8.34; N 7.73; Found
SUSESNE3 %81 OHH, (@lsuf Wﬁﬂd%s f 3?‘5' 9) 9#F NVRP4BOWRRL) , and
pm_1.38-1.49(IH. 1. 44(181-, s).
tn~2“6&ﬂ(3t|dﬁe dP Sfrred g2%;0° C1]FO§H21)D Wigg.8 12,70 this

solfthgr2 Hiaf(te%%lg(f#} ﬂf’raf a@%&%) %iﬁelﬁ%%ﬂ%

me_%y&Q)':L%‘yg@LQzl[lﬂ anO r?épocl&mélonﬂn)% §03 (1:_:E) gdrhmo was

J26.2, "14.11-'17), 3.45(1H dd

ada@a7%r5mz&(smaam0°”5 §v25- 89( 3( e m re
| B NVR( 400NHz, CD3OD) - d %ﬁml'“t'ilmﬁssmén -hg_pigture was

stikZebHat) ro2n06(dnhe tdtiredd =26, 4 Théurd 2. 51"1'@ il s
dd, J=2.6, 16.8Hz), 2.49(2H, s), 2.48-2.56(1H m,

TeRIBG( WHthdtwatiExl6. Byl owetdr oy 3edbfdtk iohread), diethyl ether.
3.18(1H, d, J=12.7Hz), 3.22(IH d, J=12.7Hz),

Theg opmag izg By e mwa s Gli s 93\(&4‘4 amyydrRubKBeynestum lsulfate .
2900, 1572, 1523, 1383 M (El) : rn/z : 181 (M +.
neRnalthes fOdd sy vemlmeelleeﬂ @6L 2gnder 8e@ucedl p7eFSure,

anch%%dc 66. 15. H_8.3 7.75,. [a]D : -155 (H20O,

o) S AU o RUL JiFda)bXI-FNNPEﬂOEM-IzCO@EK@lS) - d

ch*ﬁ’;pr%'tgjggx 611y :ALE%( t)arQﬂ l 44 3 pcaméx);é\]%;g %g_léegs_l%s g yelliow

0: 2%dlae ITLHTHE) q)%szuH d, J=13.7Hz).
2.47-2.55(1H, 75(1° dt J=7.4, 16.8Hz .

82 8 + 9 y 5 7 79

(SO B N e B0 R TR T e

me thAQBLIdNZ1 £B3@D)o1hib®mnc4~619yial&éno€§reéa€e6 12.
5Hz 2.06 (111, ddd. J=2.6, 7 170H. .

ddTed=2p65-y16.(842),( 12, 4%) C21ihe Syl 4B ( ’ .
2. 86 (111, ydt J=7.6. '16. 8Hz) , 3. 16 lﬁlﬁo ﬁgr%ﬁnmt en

6- yg-ﬁ@ﬂ(ﬂ*]]lalte@*e] =12. 87(&)9’, R .22 (dd1) dasJéiQsoZifEd in
575578(11Ln’) 5. 91-5.93 (111, m . IR (Br) cml:
nityoeciesEl (3(57) 1389 the solution, 1,8-
diazabicyclo[5.4.0]Jundec~7-ene (1.52 g, 10.0 mmol) was added,
and the mixture was stirred at 60°C for .ll hours. The
mixture was allowed to cool, and a saturated agueous solution
of potassium dihydrogen phosphate was then added thereto,
followed by extraction with ethyl acetate. The organic layer

was dried over anhydrous magnesium sulfate. The solven* was

distilled ofZ under reduced pressure, and the residue was



M5 (EI.) : mz : 181 ('1{)+. Anal. calcd for
Cl OH15N 012: C 66.27; H 8.34; N, 7.73. Found C
65.34; H, 8.43; N 7.75. (a ID: +155' (H20O, c=0) Mp
198-1991C. 5(5-a) Mp: 18_5-%2 1tr 111-N (400MHz,
CD30D) : 6 ppm 1.51(111,” dd®YJZ7.6. 12.7Hz.). 2. 16
(111, ddd, J=2.8, 7.6, lii. 6Hz) , 2.19 (111, dd,
J=2.2. 16.8Hz). 2.51(211, s). 2.53-2.59 (111, n), 2.89
pur(ifbled dqey néilied . fz)chrGudBe8rdfhiglic optadn38hiltompound
d. 3=13.3Hz). 3. 370R d, J=13.3Hz), 5.70-5.73(111. n).
of 5rgeB90(dd1a vedlod R{FBshbstaneel(138028. 72914,
1702, 1498, 1236. M5 (FAB) : nfz : 182 (free+H)+.
(38Ar[a)l Te::atttuu‘txal CICHLEL D2ECT ; oK) -65.(ath¥nokbtHyl) 41~ N,
29 Found C, 54.71; H, 7.43: 11, 6. 38.
meﬂyl%CY%O % ¥ I heat 1522 or L NRREBBORHz, CD30D) : 6
ppm 1.51(111, dd, J74 12 7Hz) 212221(211 m,
2. §REE rPu@j (3 115,53 PR - oy (2 - poperaty Lguint |

o8 5 A QU Ly o0, .
P %%g%‘r‘?o%oéés S T I

1 v 30owdd 6361034y, 759?0 CFAgﬁ)n tnBhZan ;g&oous ammon ium
(free+H) +. Anal . cal cd for 6H21 NO5S: C. 5

chBo8fie N<o43@2 S6. 9. #Rs1 FoynduEicpb.(42; mb) 6or21ad|&cd and
4.0.1: 9. 81, 77(7-a) IH-NI\/R(4OOI\/HZ CDCl RE
th@pﬂixﬂuﬁ@ Ga94s€£&rﬁ@,de58 t. RbulkHunbk- GQiL&QO%o reflux.
(111, n). 2.21-2.33 (111, m). 2.43-2.56 (211. m).
Tha.m2x{314. wa}, aBlo84d 4t0000p11andmtheb. G1i5:288d( 2hkough
n, 5. 74-6. 84 (111, nm). MS (FAB) : miz : 173
Celmus) B0 7emovh) InFONMRL400MEESrCDCIRG sobupppm was
0.90-0.94 (311, n), 1.64-1.74 (111, m, 1.93-2.00
core¢°IiLFr edp, zadzt o r%imu‘;v\razs F51pTEE W2IL SRyl acetate.
54031 m: 5. 03:5.08 (211, m., 5 75-5.83 .
The 1941 URy oD MEAPFRBF RSNy =P f5§acl9|¥fffd1§fu€|9ﬁ=ﬁa)splu “ion of

L

8- 2 o @)
T bad) o Bos3h 2| B §1&dﬁ§> Ll e SechilG (A
n?SQHErréséguEQ%;ﬂ %hr“%llé %nz%lﬁﬂ%% g@h C%L%§w2 46

, m. 2.59 2.83 (IH,
chromatography tc ob*alr Lhe compound of interest as a
colorless o0il substance (0.90 g, 56%).

(38-d) (i)—[(1S}5R,6R)—6—(aminomethyl)~l—
methylbicyclo [2.Z2.0]hept-3-en-6-yljacetic acid
Tert-butyl (%)-{{153,53, 6R)-6~{aminomet hyL) 1-
methylbicyclo[3.2.0}hept-3-en-6-yljacetate (O.9O G, 3.6 mmol)
was dissolved in a 4 N nydrochloric acid-ethy. acetate
solution (20 ml), and the solution was stirred at room
temperature for 2 hours. Then, the solvent was distilled off
under reduced pressure. The residue was suspended by the

addition of dichloromethane. To the suspension,



m, ? 87-2.971 (111, m, 4.29 (111, broad), 5.36 (111,
s). 5.59 (111. s). Ms (El) : mz : 220 (11)+. 7 (7-d)
1H NMR (400Mhz. CDC13) : 6 ppnl 1.45 OR, s), 1.53 (LH
dd, J=7.6, 12. 9Hz) . 1.80 (311, s), 2. 04 (111, d,
J=16. 4Hz) , 2.29 (111 dadi®3=2.8 7.6, 12. 9Hz) .
2.47(211, s). 2.49 (111, dd. H=7.6. 16.4Hz), 2.86
(111, quint, J=7.6Hz). 3.21-3.22 (111. m), 4.74 (IH
tryetlyldmikiz)vad. 8def 1ddded=atoBl18¢, Snd5thElkesuS)ing
7(7-e) Mp: 188-190t. 1H NO (400MHz, CD30D) : b ppm:
poydep YaH, colledeqd. oy I213Harionl. 78h¢ 3d¥tashed powder was
2.02-2.08 (211, m. 2.43-2.50 (111. m. 2.45 OR d,
wa%ha% %+&y 20%30{qqqthane3=geo@F@}n 2h85 cpmRougpa ML,
% 3.13 (111, d, J=13.0Hz).
l“%?ﬁ%s%l i,adWhBrﬁspﬁvﬁ?* 0383(911278) -J=1. 6Hz) . |F11
Oﬁ%ﬁ) cm 1: 2946, 2927. 2905, 2832, 156-1, 1525, 1396
\%S) (FAB) cwz : 196 (MrH) +, 218 (Mm+Dia) +.

e S LR I eSS B S ) N T
meUQ%IB!&%&fQ@§+§ OfE@BSl% EE%”&}QE %Igglétefllagﬂpola*y

5

(111. m), 4,07-4.10 (IH, n), 4.10-4.20 (211, a).
(36-91-5c09 MM . (5) 7518, 88) (31hecAhiLME MZ tieps -3
201 (M+H) 8(8- b) 1L-ENR(400N+E eEE%i%$B¥&§é§§ﬁﬁ-0§“vp~ g

en969¢l Ddebe (8datany. 1.39-1.52 (311, n), 2.01-2.28
(211, n), 2.52-2.55 (2P, n), 4.05-4.15 (211. n),
5. (e, ARl 9f) , 15 Fre & 86a$ 1ddtaided Mss ( EABpii miz
: 173 (Mr11), 195 (MrNa)+. 178 - [Table 4] 8(8-c)
Sulp L NVRE 40DME, SCDTEB) 15 ppm SHAporaiysemernl I0Rndk t(iz-e)
3=7. 4%&& 1.45 (911, s), 2.07-2.22 (311, m,
fromsétp (7R, pBI17- m?thzig¥c2v9@ 3¢219)hap:-3-3¢(ftbhe (J. Org.

dd -3. 88
crgfyi 78055 %% 15§%?2 712i§ 5. 430 (ileO . TR ngempound of

11.. .
lni§gﬂ§5 %ig(ﬁlg 25! °r§°% é”4§ EIT£° ln2Y5§9?9ﬂ§°c of two
qi4ddd oBher2. 75- 2. 85 (11i, m), 2.87-2.96 (111, ny,

4.28-4.31 (i11, m), 5.35-5.38 (111 M. 5.45.5.47

(36144, FAB) -5, 235 ¥, 257 (M:Na) +.
%(% d?g%rrﬁﬁk 400N¢t ﬂ%ﬁﬁ?é 72 pp§$ 1. 09 (3&1 t?

(n3srfodtélzhy IbA6yE£9313. §)O]ﬁe52 Cl$$r6d@ 4Tl
13.2Hz), 2.06 (111, d, 16.6Hz), 2.14° (2 , q.
J=TIH lzdmpon B f lilds e delsl; B=x2. dotTied! 3s 2Hzbil
2.47 (211, s). 2.49

substance (4.07 g, 56%) in the same way as in Example (1-

from tert-buty’ (%) { (1R, 5R)-7-methylbicyclc[3.2.0lhept-3-en-
6-ylidenelacetate (5.74 g, 26.1 mmol). The compound of
interest was a diastereomeric mixture mainiy composed oO:
three diastereomers.

(38-c) Tert-butyl (x){ (1R,53R)-6-{[(tert-
butoxycarbonyl)amino]methyl}—7—methylbicyclo[3.2.0]hept—3—en—

6-yljacetate



(111, dd, 3=7.6, 16.6Hz) . 2.86 (111, quint, J=7.6117;
, 3.21-3.22 (lit m), 4.75 OR d, J=11.7Hz) , 4.84
(111, d, 3=11.7Hz), 5.27 (111 s). M5 (FAB) : mz :
296 (M#H) +, 318 (M+Na) 4 8-e) Mp: 175-176QC
1H NMVR (400MHz, CD3OD) % 1.10(3H, 6, J=7.4Hz),
1.48 (111, dd, J=7.5, 12. 5%&) 2.03--".08(211, m. 2.
14(211. q. J=7.4Hz). 2.46(111, d. J=16.2Hz).
2, E@ezcgmpmmnd W NSkl wak @GtlBiRed) as2an85(111
quint, J=7.SHz), 3.09-3.10(111, m, 3.14(111. d.
SULREER BHZ)L - kﬂ:ﬁ%l&& 5 Y. 10=13e 0z3me 5wag( 21 ird@xampie. 73-a)
3.7Hz). IR (KBr) : cm1: 2962. 2928, 2897. 2877, 1559,
fr%?ﬁrtrmyL MSF)(AB)R ; 5an7—m@1@y(1VEH)+ 232 (M+Na)+

Anal al for CI2H1L C. 68.87 ; H 9. 15
(nigrggnes dﬁ%léyeozgl 240 erF‘Dg‘ jgenye- Bléfcega(‘@ é} 00 g,

3 .u+ (40011117, CDC13) - 6 ppm_0.90 (3H t,
pe fgmpo ‘mf‘% JzPl STV 9, @ea%‘éi{eomrlv

mlxw%’: Z}Iga)l% P 515 1‘%(3%1“39 gl%gB%}é%B‘&r C211. 5)2

8 R(400MHz. CDC13) : b
395C7 (%2(15(1(1%5]5¥7 méa"g&gﬁ?)t&%#%%l 1.43 (311. M),
maﬁM§¥bibﬁﬂidJ§Ja w@heo€—9058—89 {Bdlethk. a2.447-2.59
(211. . -1.04-4.11 (211, m. 6.03-5.10 (211. m,
5. TﬁeSc&&pbhhﬂ dh .intHew) Wit NIR {4000HEs EDRABYe: olid
ppm Mjor isonmer 0. 91 OR t. J=7.3Hz) , 1.45 (911.
(28&) .md, #48-)1.550 (13d1sam}. wy 08s 21 A9E&2hb,1em)(1-2.)5Fr3m/Qert -
(211, m), 2.87-2.96 (IH m, 3.30 (111, ddt, 3=8.6,
butm@.4ﬁﬂ2Azmzﬁﬂzﬁ:@6{(1ﬂdrtbmm@dayhérﬁbn5123mgmujmenhyl}-7-
5.45-5.46 (111. . Mnor isonmer 0.91 (311, t,
megml@;%»qu 5492(@ 11e0573 anz8-glbacezate mi-12. 06- 2.4
ﬁ‘ , 2.57- (211, m), 2.87-2.96 (21 m), 4.29
mmq )y TbFo&éPj“DOsmﬂ @ FyErest M2 s 5 4G+ BSHBTEPRRI Hf mbxture
mafégﬁ) 111 NVR (400MHz, . CDC13) - 6 ppm: 0.91 (3H t, 3
“om?ﬁir% = 380 (9335 R§SORSHB - (911, s). 1.45-1.58
2.03-2. 13 (211, ), 2.27-2.29 (111. m,
46 2. 51 (211, m), 2.84-2.92 OR, m), 3. 22 (111,

H£Hﬁggg ach 754 §1§R gR\3 11,y JHzy_. 4.85 (111, d. J=11.
7H?) 504j27 % tl)‘yﬁp 174-175"C. 1 H NMVR

rﬁélQQM‘gm 6]9@58@@@94 £3bh nt “lﬁ—ér\‘l—"dz)yua\,etlf acid
1.45-1. 58(311 3-2.08(2H, nf, 2. 14(2H" t,
hyd=8&ciHr)idL. (leﬁxé’mﬁﬂ)(ail:@lcomOuﬁd4ﬁ(>11];,4 d. 3=12. 0Hz),
2.52(111, d, J=12. OHz), 2.85(111, quint, J=7. 4Hz),
3. 10-3.12(111. m, 3.14(111, d, JJ13. 1Hz). 3.18(111,
d, 3=13.1Hz), 5.38(111, d. 3=1.7Hz). IR (11Br) : cml
: 2957, 2928, 2905, 2834. 2§29, 1540, 139 7 , 1380.
1285. MS (FAB) : m z : 224 {MrH) +, 246 (M:Na) +.
Anal . cal cd Hor CI3Hth§%§ C, 69.92: H 9.48: N, 6.27:

Found C. C §9. 13, 1: N 6.21.
/ “——CoOH
CH, A
H
(40-a) [(15,5R,6R)-6-{[(tert-butoxycarbonyl)aminolmethyl}-3~

ethylbicycloi3.2.0 ].hept—B-—en—6—yl] acetic acid



-a) 1H NVR(400MHz, CDCI3) : 6 ppm 0. 90 (311. t,

Hz), 1.20-1, 40 (611, m), 1.50-1.56 (111. nj.

.27 (311. ). 2.46-2.49 ( 211, n), 2.74 (111,

4Hz) . 3.72 (311, 5),.4.01-4. 10 (111, n),

_5.10 (2H, ny. 5. 74-5.88°(111. nmy. 10(10-c)
1H NMVR(400l 1Hz, CDCL13) : 5 ppm 0.87-0.93 (3H, n).
1.25-1.45 (411, m) 1.46 (1.49) (911, s. 1.98-2.20
(31.(18) pR2 BRAGE, (@minome)th 3L 1863 32 88y 114l @@= Ko UD)2 (AlMept-3-
n, 5 23 (5.05) (111. br. s) . 5.45 (5.35) (111,

en‘br.\/sl )aCT@%oE) 1 RN {AODS 7L ienateCi) 48 6, pprbOOmeR1)

ées Hz) . 1.25-1 38 (411, m),145(9Hs)
wasy, -523.11"§d (sz‘ila MXeD FBLBERIN(QF, WAFero(455omEE, a 1 M

aqugelll%s' s{%@itﬁz};l%yé%%llda )éoﬁutlgg E%)(I H. 4a'@gﬁplz ggg;szane
1'31%g4HZ)' T%‘ %g‘f(l it uL_ts.l) JI g%%“’)l 1 H- N (40%%0%%13%184 3,

wa 4 rrin 2 24 1+e raturg.’
Le (201%&;0 Phiag S ??lff( B Slog?s? 96%‘% g .‘gt 2

mixdGe 3aa{l3 ddildr vexr 3545-£211 or (1114 =
br. s), 5. 33 (?651])1@ b‘f&;lggf% 3179@;[%3@?3“%58%0(1%‘%?) ~he

reddB-1D¢ (IMEon GR3YRPneén nPPs 201830y EnoJaad7tk%%aO“ 1 M
1.26-1.53 (511. M. 1.97-2.17 (46. m), 2.48-2.51

cifdirl,aang, 2£dBl¢ddd.by.exdt madbibiz) W12b5ﬂ°€ﬂ§len€, cBlsride.
16 Hz). 2. 82-2.91 (111, W 3.05-3.11 (111, m, 3.14

The proand.c jlaya8Hess ‘@asu@d(ﬂmh datdratd8 b)inb. 388Bd dried

111, br. s). IR (1r) cm 1:

over RBlVATmIE, 9GEUUN 596! i807. NERY BFgsidumaas 238l {afed and
Anal . calcd for C14H23|\|02 0.21120: C. 69. 79: H 9.79:

congs fst%"l SEIHHIEE, T3 Bregsrae KO sbgi“r Mpe gspopund of

A 1 %#U%%?%?N%VS ofsa! i gorerist o """ >
0 9 BLH =7.0112). 0. 98
9], Ol O (LSO d I <.soirem11, .

Lsqner Al H d-sept.
butjmﬁ’ﬂﬂa]rg@n&tg gga%{}g?lué%?féi?’éa P, 2 1109 29
etk cydo [ 2 §4Oih§19nE§-B!le*ITL6dglizLJéc%*ll’ al3q3Hz), 2.48
I somer Al H , 51- 2. 622 (111, m,
2. 86 dtisomerd Hie di63353.9H) . g 2. 82. (i saeer Avdh Qddoc in
J=3.9Hz), 3.72 (311, s). 4.04-4.09 (isonerAl H.
smaﬁ,llasat:@zOr@ss sooes AL ¢ rajyddo 98:-5n08oMuttpn 5281mL of
(|sorrerBIH ddt, J=10.2. 17.2. 7.0Hz). 5.89
S STEFTA +6- 8 ( *ent-l@ulzoxxl:‘z'a2poﬂym)blmﬁno]métﬂlgzm)-j}l—l- 1
R(400MHz, CDC113“21 --h ppm 0.92 (isonerAH, d.
ethsLl I F)Q [ D: 930 [ hephed BIM 6UyLlIaPRtOH Rei0. 98.01 g, 6.50
(j,sonmer8311, d. J=7. OHZ%) 0.98 (isonerA3H, d,
mmoJL' )metlhizéz iO%W%ué rf%?ASI“H' &, Olmwsli ngtn stirring at

| soner BlH (i sonmer Al 11, d se t,
COYHST I§)8 (i rﬁer“%l}ﬁu‘de SEPT. 59 a?“ fﬁ-lsz)

|“s‘o°rr§‘}'BTI]§ggl ‘31:%'7%2 4I.?C12¥E)§’:§r(2%2 f“l“éoﬁﬁFAl'BdeaadDQ
tncren_c while the reaction solution was cooled on ice,
followed by washing with diethyl ether. The agueous layer
was made acidic using 1 M citric acid, followed by extraction
with ethyl acetate. The organic layer was dried over

anhydrous sodium sulfate. The residue was filtered and



4.3. 9.4Hz), 5.01 (111. W 5.08 (isonerBlH, ddd,
j=1.6, 3.2. 18. Ot), Z 10 (isonerAH ddd. J=1.8.
3.3, 17.0Hz). 5.81 (isonerBIlH m. 5.90 (isonmerA H
ddd, J=7.0. 9.6, 17.0Hz). }%gll-d) 111- NVR(400MHz,
CDC13) : S ppm 1.07 WE. . 6.7Hz), 2.35 OR m.
2.40 (111, sept, J=6.7Hz), 2.75-2.85 (311. m. 3.20
(111. m, 4.19 (111. br), 5.22 (111, br). 11 (1l-e)
corlcah NIAR{A0OMeEZ; CRRIG3d : pBeppnreEP. Thext Wiee 1obained
(i somer A3H, d. J=6.6112), 1.06 (isonmerBlH d. :
Crigiss. BIARYGt WS gusoieeA3bly di1316a6he), cdl0fin
(isomerBlH, d, J=6.6Hz). 1.46 (isonmerA9H, s), 1.49
Chl(q%ﬂ%qlsmhy sJ0 gbuBin. Pie (compoppd 9f36ntelsstsept an oil
6Hz) 41-2. 68 (211 m. 2.87-2.95
Su*i?%%fﬁfé?sl%&% I9m95%) 29 (|sorrerAIH ddt, J=8.6. 18.0.
Hz 88 (iso , 4.26- 4. 31 (i sonerB
(iz"r'f rr% §§§ éR)2‘33'(‘? Egﬁeﬁ\ || 5.34-5.35 (i

R e 55 SO M ST

hydPBn d, J=6.8Hz), 1.09 (3H, d, J=6.8Hz), 1.46
Y ﬂ?£¥%éﬁ% 1.52 (111. m, 2.09 (111 d, J=16.4Hz),

2. %pﬂ(¥ﬂ%yd90céifm-&]§é1d5€¥%lea@Eé%¥3 ?34%@(2%é5 added
s). 2.52 (111, 2111 gui nt

toJF71§rER,6§>2©—(ﬂFterbx) 4 75 (111 d J 11.5112),
4.85 (111 , d. J=11.5Hz). 6.26 (1H. s). 11(11-5)

bu tidk NMRCAGDY EHrme €D B3minb] pprhyl}03-(311, d. J=6.
BHz). 1.09 (311, d, J=6.8Hz), 1.40 (111, m. 1.44 OR

ethyylbicesl¢ 1312 . GepU=2-eB8-6Syl6actk2icl Bzid 20040( H11,2.78
Jgi 2.24 (111, d, J=13. 7Hz). 2. 31 (16, d,

Mg 3, anpﬁ)*n@ mpxwr.tq w8epstiFre6. 8Hz yooR. n8mp£mmme for 1
2.73 (111. quint, J=7.8Hz). 2.85 M s). 2.93 (111.

ROy | esﬂ%?ﬁtlu?fs)wa%ﬂ%%f} WRTAB 1S C{decoRppEeysure,
Al"t NVR( 400MHz ) m 109 (3H d_ J=6.7Hz),

an B 6@?&5 elwié EFTYSda; 3Z?G4frOT2hefPB@)—

1 2.42 (1 sgp =6 48 _
ls%ﬁg%ﬁg%ngjz f5 %ri“—r“ d"J= 9%&“”@* P nf a&. it wntte
Sogl—g fl@lzgi 3, 1974111, br). 3.15 (111 d J 13.0112).

(111 8. °J213.0112). 5.37 (111, S). MEWvV max
oﬂ@éﬁ . 1506.1: 1396.2 cm1 11S(ESI+) mz: 278 (M + Na
+ WE) 268 CM- 21 Na- H + 246 (M+ lra)-, 224
(Edhg1 &) 22 IHRNﬁ(Eﬂ%RC@b?dd%p&%ﬁaNth—%46 14700.
Found 246. 14815 Q 15 nmu). (12-a) TH W (400Mz,
etIGDCIBFyclb [ ppm 0] BepB8I3 (-Gﬂ:?co—dﬂ]écé ~IcHaridl. 1-1.3 M
. 1.55-1. 75 (211, m, 2. 10-2. 14 (11. m. 3.53
(4¥4an, Tedt -Queys; (21etry1b8L53-btl-yddoxF]difethly IHA)lane
5. 01-5. 11 (211 , 5. 73-5.87 t16. m. 12(12-c¢)
11 1CMVR Y ) 3yseh@nppm booBEa9. 929(B1d, @pS mmol)
1. 16-1 24 (211, r% 1.60-1. 73 (211, M. 1.96-2.29
wag 294SPHj °§ 4B- 525 a(liffofwra@ 7@3@ mis .(1%¢, tRp, Sigpension,

%37¥l Sl%llei %5 &1nexn%° so utlon, %B BW%L 153 mmol)
was gradually added with stirring at C°C. The mixture was
stirred at this temperature for 1 hour, and a tetrahydrofuran
solution (110 mL) of 2-({[tert-
butyl (dimethyl)siliyljoxylmethyl)butanal (Tetrahedron 2004, 60,

9307) (27.6 g, 127 mmol) was then gradually added thereto.



12(12-e) 111- NMR(400MHz.CDC 13) : 5 ppm 0. 86-0. 89
(611, m, 1.45 (1.49) OH m, 1.74-2.01 (411. m,
2.50-2.95 (411, m. 3.25-3.90 (111, m. 5.20-5.24
(4.98-5.02) (111, m. 5.43-5.46 (5.30-5.36) (16, m.
12(12-f) | H NVR (400MHz. THAB)™: b ppm (1.90 M d, J
=6 Hz) . 0.92 ((3H, d. J =6 Hz) , 1.46 (911, s).
1.50-1.55 (111, m, 1.76-1.83 (111. W 2.02-2.07 (411,

TheMhix% % %ad sihklhedNat 2431310 M (AN
br. s), 2.84-2.91 (1F" m). 321_%(11%%5 an%dz% tion

was( Thkn dgrmenHtddz)qy 4185 {ddilkich 2o& é.lseHZﬁlraEea7aqueous
(16, s). 12(12-S) 1H NI R(400MHz. CUC13) : E ppm 0.90

solBEPbn bf hmmcBr i) chOl @2idd 3rid wht¢r =~ SoHzdwed by
1.40-1.50 (211, W 1.44 (1811, s). 1.75-1.81 (111,

eXt4PacTh g5 WA IG5 Bl ayeta s. (ZILE adpaniic lalyeR 2 )washed

,,2.35-2.46 (111, m), 2.80-2.90 (111. n). 3.30-3.41

wil ]_a: sar‘auraz];egns IYRP %_1%_01%.1_015 @3 in_gmqnlggm c};gggrlde, water,
QE e 6] 12(12- h‘) 1H- N11R(400 CDIBOD%.E pm 0.90

- an Uof“fﬁl BUHAS PO OB ?yd{%é gpeium

13.Hz),

sulfes, Tnd pdithk Wz?‘sélzllhﬁ i oncealated yader
reoq}”s%d (%1%95 %Y]A (grﬁ ¢al cd fb( l&%ﬁ M%@%%Eﬁm‘zéé

SRS S Jhy SR o0y AT

comri )oz 1|'Ht2erc's"-zc37a£ Mrt. o1 Mpsdfde drf4L . i@(@sgb)73°

1H NVR(400MHz, CDC13) : d ppm 0.85-0.92 (6H 1y,

(41531 . BBhy(2H 20 5 de @7y 1n &5t 4 3H, 6/)li eRod2e116 (1H n,
3.63-3.69 (2H, m, 4. 99-5. 10 (2H, m, 5.90 (1H mn).
13T E3-rdput i INERMOGMA , FODCH3)de 6( Ipp t Ot Ba Pd 61 Hih

. 1.10-2.05 (4H. W 2.07-2.31 (21L n), 2.40-2.84
sol(tgﬂorm) 9%. ?an(,sr% s} ,mHoDB- 42 98added hp, 2a1d98LByDd9ether
: 5.74-5.96 (1H. r\%}7 13 (13- ei 11H-NI\/R (400MHz.
Solc’sbcn %Iﬁﬁme ot BB=pu Bfl’—re‘ﬁ*ily @ufxg $n79 (4H,

1. (211 , 4.06-4. 26
?115“1“%39]9351(31% qu?r) 5 /5o 5““99 11ﬁl|l Stisf(fig% gt room
1H-N 400U| CDC13 oner
teﬁp%r 15 n%4“(|soner*§¥€ S%rrﬁﬁgxéié nl%%%ﬂ and the

RN R T .

s 3pu 1613, wader! 7241 22,64H, ML is
lay@le 3%r)@ﬁ 13a%€13 ghlakENNaRéfﬁb t91 3650 b)erL §§S%§nlon n

dl‘i&l’zjm xtng e 0184 (Hdadic J=ydd vaés wésl@2d1w94n(§§-€ﬂr and
n). 1.29-1.48 (21, n), 1.45 (i sonerA9H. s). 1.49 (i '

satsorer8dHabine 2240- 2h@b 2Hedmpye?. 40n2dEBuUM sBhium sulfate.
186-196 (isonmerBl H+1H, m, 3.29 (isanerAl, m. 3.85

The isoaedwd ivadbriilde28d(asoneoBtéht ba):ect5u21d32r reduced
(isomerAli. br). 5.34 (isomerBiH m, 5.46

preﬁ%@n@r,@mﬁ.iW@M_-ﬁuﬁ)waigcmgnhgiissolved in methylene
1H N i R(5001SHz. CDC13) :6 fn1 0. 86 (isonmerX3H, t._

chl ﬁl%ﬁ 180.89 (i %eww sqlutfon gipyieghpbamine (25.7 mL,

186 mmol) and methanesulfonyl chloride (10.8 mL, 139 mmol)
were added with stirring at 0°C. The mixture was stirred
overnight at 0°C, and the reaction solution was =—hen
separated into aqueous and organic layers by the addition of

1 M hydrochloric acid (200 mL), followed by extraction with



(isomer X3H. d. J=7.3Hz), 1.06 (isonerX3B, d,
J=7.3112). 1.46 OR s). 1.33-1.57 M n). 2.03
(isomerXlH, d, J=16.1Hz). 2.08 (isoner%H d, J=16.
1Hz), 2.24-2.32 OR m, 2 484711. m, 2.43-2.52_
(1H, m, 2.85 (1H, sep. J=7.3Hz). 3.21 (1H, br), 4.75
(1H, d, J=11.7Hz), 4.86 (1H d, J=11.7Hz), 5.28 (1H.
S). 13(13 i) 1H NI\/R 400MHz, CDClS) :6 ppm 0. 86
met(hiy PoHonideg=7T ﬁz)orcen8¢ LESETRe roeEH, wa Shar: M i4Hy ) |
. siorrerXSH dd =7.0Hz), 1.06 (i somerX3H, d,
sa Juvat@%z)sa 1 JM dover Snhydious)sogion. a_aiaga*e

ol ey 8 2R LI T
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St 10 o 0 D o
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1.39 (1H m. 1.7 44-1.53 (2
3 Hz 2\
o e T g S i) 1 A e

gra@ived Il Hddkd i OHz )wh Bl {d Hredc L_aléﬂ.ZselwliionSwéQ
(1H. d. J=2.0Hz). MS(HSI+) miz: 292 (M + Na + MeOH)+,

coZgz (on N el Hwed 260 M madajon R38h(Miethlyt ether.
HRVB(ESI +) cal cd for (M+ Na)+: 260.16265. Found 260.

The e3maRiF Qsam)waqqqan%q WH INWRE490) ahfz sEDeEdyed6saline
pm 1.11-1.21 (2H, 25 (3H, t, J=7.0Hz),

an# zrﬁf-r&w?af %dmlhli anaV%@OT s%o%mr Ajliateq- zrros mﬂaun

o 35 7.0Hz
R SCE N NN WS

ras]lzﬁ( W% |%%%%%?#§d%ﬂ3§gl%eﬂgm%1_?80@}:% 20T‘i2ﬁle
b Y T Fed LR L

soRudd IHedlddt, 354, ﬁmo'ﬁ_( 6wa§4a&deé é!f'é);ms3 @%E' s‘é'%_r.:inc
J=10.6. 5.9Hz), 3.69 (1 d, i

£ SR 1Hn At fhi xdgHe. Zasls glral_‘o@H%)t l’ﬁ gce(rrfjpjéua%%re for 1
J=1.2. 17<.2. 1.6Hz). 5.87 (1iL dddd J=6. 6,
hous),. Zand 7a 2Hr) . add¢dds dyc éﬂ&\lNR(:ﬁGONbIZuGZDGﬂ;B)IHS@ BRI was
1.11-1.26 (21t, m), 1.33-1.68 (51L m). 1.70-2.01 (311.
- thep grpda Dl v3adged, thpredo 72hiBd1:hs) redctiod. 841(khon was
n;i)i 5.06 (isomerAli. ddd. J=1.6. 3.5, 15.6Hz). 5.08
Ir3dHiet Breaferd - JER :hiz 56°a1c5tnmz)so:5u*8nor§, oF gdHirayed
14( 145%11H 11R(400MHz. CDC13) :6 ppm 1.12-1.26 (2H,
aqtiﬁm‘sl gt W(%ﬁlSO%umlbﬂaEbG@a L 302migy. gap7added
n;)d, 46-2,71 (2H, n). 4.18-4.25 (IH m,
Wlfs“ o'foﬂsr g 131 QS - GG s raH, »lmv separatecd into

OH. f
a“‘%?q‘ﬁ? fo%‘%néi‘%%gé % g'%er“ n I‘i§ 4%9_?8471?-‘/( 5H-Thy S AL LS
1.62. . 8- 2H
to*h%;lez 33%2(32’0?(3(@I—% rﬁaqgall %%%n“t’}“j_‘él%%g 4

satddetes. dSkk n@sol@*’1én3o‘24s&&tlumn%1ca4b$ﬁa4 ZlagéH
m, 5.23 (1H m). 14(14-g) | H NVR(500MZz. CDCI3

satppracdd i sd xhar end. 3911@5c9vé13r313:gn€)511uﬂa @Zﬂ%a@@ MaMer
1.78-1.83 (211,

filtration, ethyl (triphenylphosphoranylidene)acetate (33.9 g,

97.4 mmol) was added to the filtrate, and the mixture was

stirred overnight at room temperature. The reaction solution



n, 2.18-2.23 (1H n). 2.51 OR quint, J=7.SHz).
2.60-2.68 (211, m), 2.85-2.94 (isomerBl H+1H, n), 3.29
(isomerAlH, ddd. J--2.9, 5.9, 12.5-Hz),
3.85.(isonmerAlH. br). 4. Zgnéi gomsr BIH br). 5.23

(i somerA 11, s). 5.34 (isomeF8lA, m. 5.45 (1.H nj.

14 (14-h) 1H NMR (4001&Hz. CDC13) : 6 ppm 1.38-1.52
(12H, m), 1.56-1.72 (411, nm). 1.82 (211, nm). 2.08 (1H,
Wa% coneaptAREyd, 229 thel odddingd? crude. @rob2c®Hmas then

2,46 (2H, s), . 2.49-2.59 (2H, n), 2.86 (I H Quint.
pur}##e%kﬁy s3lppa(ged. CHENINA CRFOMEEONdARIYL To7 BER)ain the
111, .d, J=11. 7%&%@ 5.26 (IH s). - 181 - [Table
Comﬁio‘ﬂ 191 S ERERER(3B0 Oéécf@FS@nﬁﬁm 958701, £F3)
1,55 52 (21L n), 1.95
1111 (%%% 3= §Y7he@té %1? g%?POlE G£1€111, m), 2.23

(1t ey Aintdifeal s 35 6 Ehamngd ppes

oot e el il St (i

4144140535 (3 G H
ml}?%tﬂlnls -rL‘r).l%nog gl‘%ﬂyl%%Eﬂ 5 enl_hzr?m(e%f 7'32411%9103211:86

g,25@722mﬂ@l(llincniha2m§5t2r53w6%1%¢1a%ed2o@&r%EEnt at room
quint, J=S.3Hz). 2.85 (111, quint, J=7.8Hz)
amqggﬁtmyg 3'ﬂﬁb(ﬂddgtrbnjselﬁtﬂbﬁ)wa§ &oﬁcéﬂf&aﬂed under
J=13.2Hz). 5.39 (LH. s): IR (KC1) v max 1616. 1,
r°<i%&5d 20T48985r 2. crifcl: TIMS(1ESt #juen twat272wéM thih) 2dd280
+ H+, HRLfFS(ESI+) caicd for (M+ H)+: 250.18070,
fo#iﬁﬂﬁpz%b w%ihanelwe Nndbg thys( e5hay . 1H he | Rya400 s HHayer
ég ) gg . 11-2.29 (411, 1m), 2.35-2.44 (11i,
WasyTAEe &1 G ba “531?G@¥E}On of GeMshggrpogHlomic acid,
OH., ddd 15. 8Hz) . 15(15- b)
fo‘1 ?—‘Z ?e(%o%/ﬁz %:Dd%ﬁl W%’Lfﬁpﬁ’rnﬁj 8r-e L§6Fﬁsr ihem, (ohe organic

% fedy e wibn Mo de 2Pl LL008 40 petay obeY’
anﬁy&gbéifgo&gﬁﬁ sﬂlfa@aZS'jyg?ﬁﬁ%}&u nl%s 95°2§ (i?f

M nor isoner 1

(=) ‘Z ‘[5§d2 ér A nce (= =
co@%»%.%i (11?.1a a§? % 3ﬁ&4 %2§%f% %E &8 qu 5§ °(FppPound oI

intgres®. 28-an50i(23dbstdncd. §6- 509 ($b@v a). 15(15-c)
| F-1 N R(400MHz, CDC13) : S ppm 1.45 (911, 's). 1.52
(4X-31. Teld -Bayb, (B[ 20§ 7IR) 2206tRy180€LE1o (M. 2. %]%th 3-en-
(111. ddd, J=2.4, 7.6. 13.2Hz). 2.47 (211, s) 2.5
6-yliidenglaCIERLS, 16.4Hz), 2.86 (IH, Quin--,. J=7. GHE)
2 §8(2H d 6. 711z). 3.22-3.23 (IF, m, 4.75 (111
The- COMARYNd L BATEErES Y, wds1abPathed 52055, 311

(111, s). 5,81 5. 91(111 15( 16-d
Su( "aﬁ;% 1$Gg€:i++ﬁm@%4ﬁﬁkﬁﬁ @EBGG%J/Q pg%1umﬂggem@1wav as

7, 5 212, 2Hz) . 2,03- 2 09(211. m, 2 46(111, d.
e %gfgg 2 49(1%ﬁ ) §VLT§PEEI%)° égsieiflaCGG
4}yﬂ§;?b§§.42m§§£1; qU|nt J— . SHz) . 2.89(211.

(41-e) Tert-butyl (#)[(1S,5R, 6S)~2~ethyi-6-
(nitromethyl)bicyclo[3.2.0lhept-3-en-6- yW acetate

The compound of interest was obtained as an oil
substance (3.52 g, 93%, Major/Min6r=3/l) in the same way as

in Example (i-c¢) from tert-butyl (£)[(1S,5R)-2-



d, J=5.0Hz), 3.10-3.12(111, m. 3.14(11, d. J=13.
1Hz), 3.19(111, d, J=13. 1.%&). 5.10-5.01(2K m). ':.
5.42(1.11. d, J=1.7Hz), 5.94-5.84(111, m. 18 (i 5r) :
~cm1: 2948. 2900, 2835. 1563681542 1525, 1397, 1333,
910, 663. M (ElI) : mz : 1 (M+. Anal. caled for
Cl 3H19N02: C. 70.56: H, 8.65: X. 6.33: Found C. C.
69.69: H 8.73: N 6.31. 16(16-a) '
et H BTV UODOME ; CDTaRy -3-8nppnylidenedatetate)43.0dz), 12.8
1.34(311, d, J=7.0Hz). 2.31-.38(211, nm), 2.56-2.74(M
mm%ﬁ) 3 520H. q. J=7.0Hz), 4.19(2P, q, J=7. OHz) , 4.098.
5.02. and 5 05 rota | 211. each dd. J=1.5, 3.
4117 "Fept-Runyy, : 2R 68na 61 {8migopprEpyls -2~

16 by 1H 400MHz. CDC13) : 5
etif 1§i€§§b°5nd21&gé %Fo%aFHS 1Y“é88ﬁt8teJ S

L. sirpdihg ls%‘zf%t”g%‘?o‘%@%#aﬁg RO
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89(12 16(,167¢)+) e
lrg%fiﬁ?¥%4 %L% %f%négrf gﬁpgﬁfhl 23 8n3%1 S5 (ForanY 8

(nﬁiﬁomeaﬁhlﬂbldyiiéfang 0188 -3lehtoly17362%hie A)3.52 g,
10-2. 33(2H. m, 2.53- 2.67 (111, m, 3. 69-3. 76 and
11399804102 (total 111, each m), 4.99, S. 02, 5. 05,
and 5.09(total 211. each m, 5.79-5.89(111, m.
(416¢1644) [ [ 16 NMR 63D0) ti( amiMBe3hyl6-ppm 1.29 (31 s),
2.44 and 2.48(111, d, J=18.0Hz) , 2.59-2.65(111, m,
ethy¥BIgYqL0o8d; 2} ©5nePT 18-epHp)y Y1 296(1T1 acdd, PI=7. 8,

7.6kz), _31.18(11L dd. J=8.6. 18 1H)
tokugnesilgpadic w 5. 82 5 86011, . 16(16 e)
IH-N%¥S4OON+E aDC13 pm 1 2g% 1.46(91 s).
HUSRE S Y] t%j Jnapo5y ?231“n?7 9p. 6§- 5. FHOL)

waél%%@%_ ) bosd oentdte fRdur ie%mff nfy bEMEhenr |
) 25058051 - 40 AN AROTEE DAL 3 I Ly 0¥ et -3-

en2619i?a&5€éﬂé, 2”?‘ &, 59021, r8jo1)2. é%ﬁZtQ&(%ﬁ%tdgc ‘was
5. 52-5 55 (111 m . & 87-5 90 (i1l m Typrodict
refFuked| Rot400Nbzr . COHS) mi Bt AP wak. al0o(8d1: 09 00l., and
48 (911, s). 2.09(a d. J=7.8. 12.711z). 2.18-2.20 and
the. @¢p@s2Re(t spalidllds eaeh meshed. 30 thlheddyld®® &hloride
12.71W 2. 51(111, dd, J=7.3, 7.9Hz), 2.60-2.66(11 m,
tozobgezmlth@dcomagenm of4inkEyress, 82 B 8BEVIEOINE (3.17 g,
(5.87-5.91(111. ). 16(16-g) 111-NVR (4001111x. CDCI3)
6 MaRpr{MaBorT346)and 1.48 (total 1811. each s).
54-1.62(41L m 2. 00-2.20 (211. ny. 2.55 (211,
7h 2Bkl 1%9&B F) -8- 28memfm§ény3i524 13. 7Hz), 3.62

-%y%éisypﬁeii b 258 265y “r AR Rao61 i, conon)

2, o&- rH‘}&%g §§’*°1233%E?m ﬁl}bs‘z 15 aﬁd 13 2;%)2'
oo s AN erth Al DT 45 20
tolxdBedtiZ¥ondc32(3117 d, $=13. ZhHp). a%4§%§§¥ﬁ§gb
methylene chloride (35 mL). To the suspension, triethylamine

(1.27 mL, 9.14 mmol) was added with stirring at room

temperature. The mixture was stirred at this temperature for



IR (}3r) : cat-1: 2904, 1568. 1516. 1395. 1381 M

(FA8) : mi z : 196(11411) + , 234(114K) + Lip.

145-148'C. - 182 - [Table 8 1 17(17-a) | H NW

(400MHz, CDC13) : 5 ppm 1. Oi6§1 04) (31H, d, J =3

Hz), 1.31-1.40 (1H, , 1.66 (UHm, 2. 34-2.

54 (3H. m, 2. 79(286) (1H d, J =4 H), 3.71

(3.72) (31's), 4.01-4. 11 (IH, M, 4.93-5.08 (2H. m.

fEPUSIOSrS I (tm fgrogfted 7se) il VAR (400NMER 1 eEDEH3DY:

pm major 0.95 OR d, J = 7Hz). 1.45 (9H, s),

fllzt 20N ANG Mesh§d WhtBonoghybeieH-haprigeo4cORbthin the

r%; 5,49 (111, br. s). 556558(1H m. 5.77-5.79 OR
co Ouﬁdz(fﬂ H}tﬁﬁ-?\ﬁv@ﬂo@w&l@@%}d (6-BBmE 099%, (31,

=7 1.45 (91. s), 1.45-1.50 (111. m,
Mafz{j]"z’équn%%ﬂf)lﬁ . 2.45-2.55 (1H. m), ? 86-2.95 (1H,
Oqug 3.30-3.35 (11 n), 4.78 (1H d. J = 12 H", 4.86
H = 12 Hz), S. 558-5. 62 (1H, n). B. 70-5.77

(E n 07 By 934 1 H _m 17 (17z€)
’gla]ﬁéi’r\%m(%oo %B(Eg § °% °n§a%l TRYIET3T = 7 He),
vidy 53 dyi8Hh [$)2. @ ;QA £1+<—Lem ¢ =12 He).
TR }Ilﬁl a5 20 ) 232‘22}15?1%&(l g 2. 85-3. 20
(4421, (*@ '3{3Q?3~§@ fgtbl clf @.4(éfhe Lan§l6,§ +65- 5.
70 (10 ). 5 82,5 80 m). 17(17-f
l,lﬂddm(dMM—lzq{?ﬁ&@D) : b ppm 0.92 OR t, J=7Hz),
1.47-1.53 (1H, n), 1.65-1.75 (1H, m. 2.02-2.10 (1H.
n) A Zectzrazxyﬁmrar) s utS-¢h 3AABHL M or 5(¥0-5. 76
| . 5.90-5.93 (1H. n). IR (KBr) : cml: 2952.
(1 1%128 R156Y. © 1B125P 18941, Msiiexylannz 7! -196 (1i)"
cal cd for_ CL4H23A 02: 0. 2H20: C, 66.50: H, 8.82;
Xa?--*o’scy%%% ¢, 066, 55ocHpng] 6©J NEhemi7Soclj Berkin Trans.

]1‘3‘% 3B s b TG 3%%’&1“1”5% ﬁagd%gzéropmso
o@%e%@r%@% S%éﬂrﬁ%l%?j' %'88’ %f mglum alum¢num

S a9 (0, f?s o) G tul0 4 g“%@? mixcure

wad 14t Med GBSrnWhe. ad rodnZciide Ztase 'a%g (2H, )
18(18-b) 1H": ((CDO s, 400 Mz (1H of

tetmmdloydrogurdn 895d. mB6, (&t of ﬂBnQrmgﬂi a2abi- gqglOLc
(211, m, 2.46-2.60 (2H m. 3.47-3.70 (2H, m,

soqB3fl, hsjrodi @8-do 15 { &k 0f. trahDy, Md #a2dr -4025 {nﬂ,b-l were
of mnor, m, 4.39-4.48 L?H, m, 503509(211 n, _

thep @jcgecygtr(queL_q:r)wnﬁlgg*}(leln_eadtloﬂ so8uBiHn) wag. 28cMed on

. d J =8.6 Hz). 18(18-c) 1H MLR(CDC13, 500 MHz): Maj or

icqg soféle MGXEWE (Gasl, SE)ired t 2 3am OrempRrapues- 20743 hours.

2.92-3.01 (211 3.81 (31L
Thé mlxggre was +11Le§ed tnpgugh Celgte and concentrated

under reduced pressure. Then, the obtained crude product was
purified by silica gel column chromatography (separation from
positional isomers in regard to hydroxyl groups) To obtain

(£)-(1R, 3R, 5R) -spiro[bicyclo[3.2.0]heptane-6,2"'-

[1,3]dioxolan])-3-0l as an oil substance (7.78 g, 38%
Dimethyl sulfoxide (9.11 mL, 128 mmol) was added to &

methylene chloride soluzion (110 mi) of oxalyl chloride (5.50



s), 3.93 (111. hr s), 4.06 (2H, s). 4.44 (2H. s), 5.47
(1H. br s), 5.66 (IH br s), 6.87-6.90 (2H, n).
7.26-7.31 (2H, m. Mnor isonmer (detectable peaks): S
1.48 (9H, s), 2.45-2. 52 (1H 7@) 3.29-3.36 (2H n).
4.08 (2H, s). 4.35 (I.H br 5.37 (1H, br s). 5.77
(.1H br s). 18 (18-d) 1H-NI\/R(CD013, 500 Mz) : 6
1.45 OR, s). 1.55-1. 60 (11 W 2.16 (1H br d. J = 16.
mL6 ¢#)2 meoB0-Ri85 stitrinmy, a2. 498C2H, a8}, tRe 58i £dlre was
dd, J = 7.8, 16.6 Hz) . 2.89-2.96 (1H m, 3.29 (1H
SLJoIF %<§ a% Bhis oreme§raguue foIl Ssindités.( 2Phes), s dneTBylene
35112 ) 4.84 (1H d 3 =112 Hr), 559
Ch](ciﬁd%rs%ﬁut?eom $911%) dof ythegabgviypptaingd @2tbhod, (7.28

18-¢ H NVR (CDC13, 400 MHz) : 6
g,14%2 fm%€¥(1ﬂis %?dei H%efgig ?helmggt@9¢|w%§ stirred at
3 2H,: 1H = 14,1 Hz 9
th%‘? Efpeldl 5 Hz}g Siagt sty ?&?P n}*l%t%z@n@ae (23.7
1 b 3 H, dd,
mLéjf%?fé%Olﬁ ﬁ% (%ﬁb %d£h§}ebé gn%StB HE}XLgrglwetheated

orft-td r&)an 1 k2 he 4n89-
togié;ﬁ(i ,é%$t2)5)6 §8§§2%L;§ S 2e Q §}%2¥$£ sggarated

inty &qius 18nd 18r énicF& v 13n=4
1.43°1. 47 (111, dif]r) 1, 4%9/%185995) 2(3%2%%30(2%_%\?4
hy@ro@8lqdit akcid. =THe.drddr)ic 21@'319°£1\b'lasdwa§h«rd1ﬁ£tx3r 0.1 M
Hz), 2.48-2.58 (1H, ). 2.82-2.96 (FH, ), 3.0; (1H,
thWOQQlozg@5a OR ddfed, —aBd3satdrktHz) sal3i43d éhh|;n@ﬂ dried
J =6.3 14.1 Hz). 4.25 (2H. br s), 4.99 (111, br s),
over ghidEopy 89dium gudigie 1HTMR (@:@3@@ W9 Mir)ered and
1.51 (iH dd. J = 7. S, 12.5 Hz), 2.06 (3H s),
COTQC?}Btrzatﬁd (12114& nfedpcad pyressurs). Phssk, (Uik drtaihed
y 288296 Ili. m, 3. 15 (1H d. J =
C“i"z %‘%‘&3* ‘égé 18u5! bed(*PIH siyics. gel(gpiumg. J =

69 1H. b . M5 (FAB
Chg‘?”ag‘ %@fw ( %‘)é| Ehg FS%DPBPdEf%HiQNBEgSé )BE 2, oil

Suggqggu% N 5P g Fg% C60.66. H7.32; N5.62. IR
ccat-17’ "1742, 1567, 1524, 138), 1242.

17 17 1 1 Q 5 0.
“MD"A (51760 391021 [ NIE(CDCL3, 0900. M) 2. 1 23
ligﬂleXOIQHW -2-90- 2r 481 (dAdmeThandsD9 £bdBE:d, J =

M), 3. 71, (3H s), 5.00-5. 08 (2H. M), 5 67-5. s

(1 Botgs siunb . HB55( {{Aihe tthy 1k 21 16) SntE, (6. 86w (1H, dd 3

= 8.2. 16.3 H2). 19119-b) 1H-NI\/R(CDCl3. 400 MHz): 5
tetgr Py Biuray) , s01881¢9H,96)8 AL1248.29mhbH) #Whs added to

2.28-2.36 (1H, ng 2. 43-2. 52 (1H, m. 3.59 (1H. dd,
tetrahyimpfuran H380 BLE3 §u, addetIahyBrodpran BoHakion (85

5. 02509(211 W 5.73 (1H dddd. J = 7.0, 7.0.

nl) 0%, (77 A FAHR) 558ErY ELHC}d@lODii =210PhepBabet)2' 6. 97

(é%gaoxéaani—B oné’5 6F¥% g, % 03 mmol) was gradually added
dropwise thereto with stirring at -78°C. The mixture was
stirred at this temperature for 2 hours, and a
tetrahydrofuran solution (85 mL) of N-
phenylbis(trifluoromethanesul fonimide) (27.3 g, 48.4 mmol)
was then gradually added dropwise thereto. The mixture was

heatec to room temperature and stirred overnighi. Then, the



[ Table 9 19(19-c) | H A04t (CDC13, 400 MHz): Major
isoner: S 0.07 (611, s), 0.91 OR, s), 1.45 OR s9).
2.18-2.25 (1R, m, 2.59-2.73 (211. W 2.92-3.01 (IH,
m. 3.31 (111, dd:, J 2. 7. $;6,-16.4 Hz), 3.88-3.94
(IF, ), 4.21 (211, hr s). 5.46-5. 50 (211, a). Mnor
i soner (detectable peaks) : 3 1. 48 (911, s). 4. 30-4.

35 (Ili, m, 4.23 (211, br s). S 35-5.36 (111, m,
reagtdimn wags (tfﬂ“lfwt%(kﬁkg %:l)e 1@%@0@[@ a4eetWFEFed
Maj or isomer: 5 1.45 OR 28 (JR_ br d. J = 16.4

US S@AHlory Ov( ?f‘.’[“onri‘)uf” 26@30%1%% %fﬂlwaﬁf »3apg the
- JUJ,;IH ddt J=2 e msc % 3,91-3.96. %111,
M Szxﬁ Pradfeduidne oggadi 018455,

fo’g.)eoa% E(’J‘%L]Of '@ JMCE‘%B taéomf?[ é%itlelch abc';f“oranlc laver

wa a race 7 < = 1 { v us
RN U e

sodum Isibbrals 62 Ghil rel) dud. 1«%1'52 49 (g Mng 2c<§3~s(r4-€-£[al_ea
ddd. J 2.7, 9.0. 12.9 Hz), 2.49 (211, s), 2.51-2.

undeR 1MdueBS e Fadd H, Then,3. L2'17‘" Hdda {Aldd . c Mae 39‘_35c1uc1: was
{311, s). 4.03 (211. s), 4.78 (1li, d. ,1 = 11.7 Hz),

pufi By dilice e/ dr)umb. SBxr&md9oftddhyn) sebQration from
(19-f) 1 H'lalR (CDC13, 400 Miz) : b 1.43-1.46 (111,

po&ﬁ)thnm Y3®eEs )y P, ta2oieiin) nfo, optasn( ibe.

i = 14.1 Hz), 2.29 (JH d. J:14LI H),

COHLPQW% <55 Ia9re S 29 Fp -2 94sEhstanay, (8. 04- 9,093%) .

3. 35(311 s), 3.35 (iH, dd J =6.3 13.7
4%—'|'zﬁ 8—’4‘2\@? A 3G S rq 8o ycypio (4. 820) hepr-gyene-
62/119%M:§ 111 brs) 5.64 (111, br s). 19 (19-g)

H NVR {3 UOI\/HZ):Sl 53(111 dd, J = 7. 4,

= 5%6&& I;rf“lﬂé% $ % 287 ML % 50 (oH

tngakzsgizgogén% g 3>Po& ég&ltﬁn (1"8'3 Igz)%%g g@).el mmo ),

and HAibSyl vy e sn, (5. 68 fillls.bo ﬁ)nolwsw%EéB}iddﬂc to a
mz: 226 (11 + 1)+. Anal. Cal cd for CL2HI9NO3 :

e PPdrbE8ro0; s 6: 227 Foungr) Co62..83, (k85 s37: N

6.21. IR (68r) : cm1l: 2903, 1565, 1525, 1397, 1382.
spiA0Bridpc 1603 1520 Thedt { 20emp-E£12- NVR, 64661)34&]33an¢98}3j/)_

: b ppm 0.87 (1. 5%d. J =7 Hz), 0. 92 Q 511, d, J
tr_.:J.Jluogomf:ynallesq@,*@rlatglﬁ 38)g,17203(mm6ll, sThe mixture

1.60-1.72 (21i, m, 2.38-2.60 (31. m, 3.51 (0.511,
wag)heateg %@ sq_alué) 03, zrsnomm agyl wateg. wgsQ5hep] pdded to

m, 5.73-5 111, 20 (20 c) | H NVR, (40014{3,
th%xﬁ%iblo% 515 1101216 L%‘)’edl 80° F@ﬂctBPP &yth] dgethnyl
L(P br 25-3

et 56- 3. Chgff* ziayse I§s. %SKT%G ‘ﬁih %{i"vu%ﬁgiﬂ% gagpne

ané ?i‘é‘d B%rz%%%géuc FEM%_OQNE%BQQQl&),ne rBRMe was

filtered and concentrated unde r reduced pressure. Then, the
obtained crude product was purified by silica gel column
chromatography to obtain the compound of interest as an oil
substance {(99C mg, 72%;.

(42-d) Tert-butyl (£)[(1R,5S)-3-vinylbicyclo[3.2.0]lhept-3-en-

¢e-ylideneiacetate



1.44 (911. s). 1.58 (3H. br. s), 1.54-1.60 (211, n).
1. 68 (311. hr. s). 2.05-2.21 (211. nm), 2. 44 (111,
d. J =17 Hz), 2. 52 (111. d. J = 17 Hz). 2. 65-2.74
(LH, n), 3.16-3.23 (111, m 80 (111, d. J = |2Hz).
4. 88 (111 d, J = 12Hz). 20%%
1H Al b&R(400MHz, CDC13) : b ppm 1 5°-1.56 (111, n).
1.53 OR s). 1.56 OR s), 1.61 (311, br. S), 1.66
(31%) -HAR, $B) ~3-¥5n2 1301213 e b UD-2. Th4RI13-Me-6,2' -
2.90-2.98 (1H. W 3.26-3.51 M n), 4.94-5.05 8111.

[2 bt digxolznghol$90 e NVR F200WpE) €BS0D) ssobvppnin a mixed
1.45-1.55 (111, m),_ 1.62 (311 br. s), 1.70 (311. br.

SO‘$°nizQH5%F%ﬁPn iﬂﬂ%evW“Q 5) (324, WpEersy ] 5@ 2Tg7Ene

74 95-3.02 lll
soliio) 2% liff ‘ a;% M 2550 3h3 was sddedl ¥izp stirring
a"(211 1I’\r%m for CI9H27NO5SS: . C, 9. 58 11.
© Hog %era?% sy MUEATIE (PR B P ed 4 1800

1%;at1irle2$0fc§r 4. IzAEvf%é M%ﬁxd 9%166%%§?§n1%§u1ééﬁlg s .then

ne@‘l‘(az_l_l i@d 1{{]?’:%%%( (111 f%%@nc?@l §) saEQr Hzg;j glqgé%%%ng?%utlon

of Séodﬂ&v%rcia%&rgél-tle ni@l?oﬂzad(g lex8radTfonbdkn ethyl
122(111. d, J=14.5Hz). 2.27 (111. d, 3=14.5Hz).

acalte 2. H(Bx(elb]r,gam)i.c 2. 812,188 (vléléhedﬂ’)with 9928uPBtédldaline
m, 3.33 (111. dd, J=6.2, 13.711z). 3.41(111, dd,
and =br Ped 1@VFHANh BIOOEd 1dodbrnadp 1 £6£83( 1Fhe dresidue was
J=1.6Hz). [a] 25D -90.6' (c=1.37, CHCL3). 21(21-c) M.
flh@?t%@samg[Can@@trauq@ gndeg= @eascaﬁbgrﬁesurtl NFRen, the
(400MHz, CD30D) : b ppm_ 1. 10 (311, t, J=7.4Hz) , 1
Comﬁp%qﬁ19 FNtYEYST WaD Gppyingdogspapgoialsubsgpnce (710 mg,
. i%§211 q11 J=7. 4%&2 2.46(111, d, J=16.2li2z),
32' AlAqr=14 1) 2181F4%1 Sa@S y2Y635148) Exargge (il-e
0(111 ( ]
410, J57a SHL, (3 0%5P S0L AL SO, o o
Ong =1.7, 3.7115). IR Q) : ctr-1: 2962. 2928, 2897.
2877, 1559, 1527, 1403. MS (FAB) : miz : 210 (M11)+,

(4232) (MDA Tl A1) 1 £R) 5 ff ; gl BEPERRgEng) 0387

b M RPT R 66 EotRuTe © A "C5h16) N

viﬁyﬂ@icﬁ@ﬂofB[Ia@!Eeé@}328nwg~yliﬁtézat@ [ a )25D -59.
6 (c=1.02, MOOR)

The compound oI interest was obtained as an oil
substance (670 mg, 75%) in the same way as ir Example (1-¢)
from tert-putyl (£)[(1R,5S)-3-vinylbicyclo{3.2.0}hept-3-en-6-
ylidene]acetate (710 mg, 3.06 mmol).

(42-1f) Tert-butyl (%) (1R,3S, 6S)-6-(aminomethyl)~-3-
vinylbicyclo[3.2.0]lhept-3-en—6-yilacetate

The compounc of interest was obtained as an oil
substance (527 mg, 88%) in the same way as in Example (4-a)
from tert-bputyl (%) [ (1R,5S,6S)-6-(nitromethyl)-3-

vinylpbicyclo[3.2.0]hept-3-en-6-yijacetate (670 mg, 2.28 mmol).



111- A Rt (400MHz. CD30D) : 6 ppm 1. 11(311 t,

J=7.4Hz), 1, 51 OR dd, 7.4, 12. 7Hz), 2.06-2, 20

(411, m), 2.37(311. s). 2.49-2.56(111, m,

2.51(2H s), 2. 87111 qui nt .-J=7. 4Hz) . 3.12-3.14(111,

M, 3.28(111, d. J=13.5112)° 3. 33(111 d. J=13.5Hz) .

5.31-5.32( 111, n) 7.21-7.25(211. W 7.69-7.72(211, IR

(HBr) : cml: 3155, 2963, 1707, 1497, 1410, 1236,
(423463,(+10371R, 8F2.6 98H- GAAnomMEBIRABH-: mz : 210

(free+H) + 5 FAB-) : mz : 208 (free-fl)-, 171
vinyiedavigio.f 2aral0 ] fest teo o C1oHar@ss: &igopg2; H,

7.21; N, 3.67; S, 8.41: Found C, 59.16; H, 7.21. N 4.
tolwnesglfgn@? 23(23-a) 1H? 11(40011Hz.CDCI3) : b ppm

%3%311 t. J=7.611)  1.39(111, dd. J=7.6, 12 1Hz
1. 1§TTP°§? °t. gEEIEAM W 9??6?%& FS = A Ehp)9ray

333 65 S e ¥ 2. 50, 9% 5%#‘%@ 4555, ooprohy 143-9) from

3. 33(M- dd a 3. 7HZ), 3, A1(11 J=6. 2.
terys 44 1%1 %’r%% 0 ‘%ﬁ]h-‘éggJ 31.6112). [a
*n%3%9~kﬁﬁo x. z(thvﬁZ*-§}£H3é— (ééé ébékhbbb(ﬁQQNbZoo mmol) .
0D)” :~ b ppm 90 (311, t; J=7. 411 ., Et).'1.48
42<411 aq(iws%sxlze Jagmé moe 2;_08 (211. ).
211, q." J=7.4Hz, Et), 2.46(11. d. J=16.2Hz).
v1ﬁ§¥ﬁid¥iﬁﬂjﬂja 00@eﬁ%51{éﬂ4c ﬁL,dCéﬁiEthid 85(111
quint. J=7.5Hz), 3.09-3.10(111, m). 3.14(111, d,
J=I3e0kdpnpo3ndl (Il ihtakr el WPHALt H1138¢ 1d4. 2 ddght brown
3=1., 7, 31L.7W Mp. 163-166 't 18 (far) : cm1l: 2963.
Solﬂﬁﬁﬂ2@%7M1 18550, 1B27he 19@pe WBY (FAB)D: Efppple, 141~h) from
(*+H)+ 232 (MrNO+. Anal . calcd for C12HI9NO2 0. 71120:
(£)C. (164.395;,69,- @—%ﬂlﬂwmﬁt@:ﬂ—)%mﬁnﬂbéﬂvg?o 3L£.9108pt-3-

a D +96. 2 0, NbOH) (24-a) 1H N1
ep%%IX%k?C%%b:N%E}& PB- ELH%S%§&i oggte; (8 éélmgl 1%? mmo L)
of@ 2. 15 (111, br d, j = 17.2 Hz), 2.34 (111. ddd, J
%7 B G 12.5 H), 2.49 (211 s), 2.58 (111. br dd,
J =7.8,17 9 8.,(1H br s )
(EXamplg %§q1'2)§¥25 g%sg il Homeify}% 4. 84
_etﬁgfg3b£kv¢1c ilz7okﬁéo&53 58- €1§11a~eﬁl%)ac%%(24 b)
NR(Cl)Cl 400 MHz): 6 1.45 (911, s), 1.55-1.60
4§14; & ‘ﬁT_%ﬁ%fﬁgél" %582 39 Q%é%lCQEL@ JJ2‘O%§e$:-J -ene-
6, 2241+,3)d1&x64af111 ybétddnyLJs 1aBe 16.4 FE)
2.89-2.98 (IF, m. 3.24 M s), 3.28 (111, br s), 4.77
(1BLs hribrerlohéephide Bdallddium. (JIy ¢hid-bHde. (98%,
5.48 (111, br s). 24(24-c) i H NWR(CDC13, 50011Hz): b
0.2949- 10480 (mal) i nk, 61lgtidigel (1spl z&osqm isymol),
2.05-2,09 (111. . 2.17 (111. br d, j = 16.1 Hz). ?
tr@%é%hﬂhs ayleceui eperif) - 4. pg (1915 @m0§ D ggpper (1)

DORHENEE NI AR S Vi

so£utlon (5 mL) of the (x)-{1R,5S)-spiro[bicyclc[3.2.0}hept-
3-ene-6,2"'-[1,3]dioxolan]-3-yl trifluoromethanesulfonate
(2.42 g, 8.06 mmol) obtained in Example (42-b). The mixture

was heated with stirrinc at 50°C for 2 hours, and a saturated
agueous solution of ammonium chloride was then added to the

reaction solution, followed by extraction with diethyl ether.



j = 13.7 Hz), 3.34 (111. dd, j = 5.9, 13.7 Hz). 3.42
OR dd, j = 5.9, 13.7 Hz), 5.00 (111, br s), 5. 55
(IH br s). 24(24-d) Mp: 165-167 "C. i H NMR(CD30D. 500
11Hz): S 1.51 (IF d(. J =T,,3, 12.2 H), 2.02 (31,
s), 2.09 (1Y ddd, J = 2.4 18%8 1.2.2.Hz). 2.21 (111,
br d, j = 16.6 Hz), 2.51 (211, s). 2.58 (.111, br d(L
3=17.8 16.6 lz). 2.87-2.94 (111. m.. 3, 15 (111.
Thed.oxlyanik3.1a Hz) ,wass ﬂﬁﬁﬁbdgwithlsﬂturSLéa ¢dlinedand dAried
13.2 Hz). 3.23 (11, d, j =13.7 Hz). 3.27 (11, d, | =
ovep3 anpygrous SFIYum 1subfatey . N1 PAB)iduenzas 2801 €d44d and
+ 1)+. Anal. Calcd for C121i19;1025: C 59.72; H 7.93;
COW@%@‘CG@ TNdRE FRAiwerd ©B8syRreH gTiEn, NS 7dbtsined
@5? | R Nn%% cm 1. 2906. 2632. 1542. 1398. 1283.
CEPCH HABIRTUDNAR DY THEISH 961ppmiumn

ensprsgic S e S%bzalb%‘?*ér?%l HL05787p5117 AREE 305188, 011

HlAHz) . 2.43,2. 52( . 2.81-2.91(111. m. 3.0(111,
RS N TR g‘g éé& . 5.0(111. br.s), 5.34(111. M

2 | . NBR1( 400 D :b 1.46-1. 53
“2_% %ecgt, dﬁ%(gi P@)Z“' 192) 17 ?grlnl m,

&l% ZhBids 10Ry 1 \r@Lh 12v|J7§z~1}9@1&1312 U]]heétfﬂ 3n-42
(111, 'm. 5.25- 40 (111." m, 7.37 m,

y1itcte adA21d. ) 25(25 d) 1H—NNR(4OCNHZ CD30D) :6
ppm 1.40 (111, dd. J=7.6, 11M, 1.79 (311, s),
2. @2e2c©&@zmn@ OR. 4%} (Wdy ohtaZndd £41dn il
J=16.2112), 51 (111. d, J=16.2Hz), 2.85 (111. quint,

SUREEATEY) (1 ﬂoas qf?’(lMdJOleSOI?:Zm) dp thel8afkzyay as
3.17 (111. d. J=13.0Hz), 5.36 (111, t, J=1.6Hz). IR

in Mxamplem (142 2OU6E r 02 7:) 2905ne 2882 (1B6AS) 1525, 1396,

mz: 196 (MrH) +, 218 (MtNa) +, Anal
SpTﬁﬂkﬁr?£§3Q§¥ﬁa B?n%66 iy 817§'dNOX?l§¢]

Found:, G 67. 53 a 121D - 140. 4

Y”%_]%%&aﬁmciﬁkz%sg Tﬁbl@mfi 26(26 a)

3%%T£4 h4%75&%gcﬁ§2%7“° gggléség QY éléé’zn%é
ity s e i g FR

M The. QGokbburly oéﬁldgiﬁgg4-ﬁés oMlained as ar oil

substance (870 mg, 60%) in the same way as in Example (1l-c}
from tert-butyl (£)-{(15,58)-3-
((trimethylsilyl)ethynyllbicyclo{3.2.0]h -3-en-6-
ylidene}acetate (1.50 g, 4.98 mmol)
(43-d) Tert-butyl (&)-[(1R,58,6S)-6-(aminomethyl)-3-
ethynylbicyclo[3.2.0]hept—B—en—6—yi]acetate

The compounc of interest was obtained as an oil
substance (630 mg, 81%) in the same way as in Example (4-a)
from tert-butyl (£)-1{1R,3S, 65)-3~-ethynyl-¢-
(nitrometryl)bicyclo{2.2.0lhept-3-en-6-y_lacetate (870 mg,

2.92 mmol).



26 (26-b) 1H NVR(400MHz, CD3 OD) :6 pp
1.46-1.53(111, m). 1.80(311, s), 2. 1-2.17(211. m,
2.42-2.54(311. n)..2.78-2.90(111, n), 3.07-3.15(111,
, 5.25-5.30 (111, m), 7.37-7.44(3R m), 7.78-7.84M
M 26(26-c) | H NVR (400MHZ, CB0D) 'L ppm 1.40 (111
dd. J=7.6. 12. 3Hz) , 1.79 (311. s), 2.02-2.08(2H. m,
2.43-2.50 (111, n). 2.45 (111. d, J=16.2Hz), 2.51
4@1@;1 (&) [JTRG52HES) ~B-8Ami hbmet hgui)ptz - J=7. 61W
05-3.12 (111. m. 3.13 (111, d. J=13.0Hz), 3.17
e”(l‘ﬂilba“yg ?330Rz ) h8p36 3-BA - G-y ll=akeHz) adik MY
L M1 2946, 2927, 2905, 2832. 1564, 1525, 1396, 1384.
ORESTRABy LONRTS : 196 (N%FD+ 218 (M+Na) +. Anal . cal cd
forp CLIHLTNO: G, H, 8.78 N, 7. 17: Found: C
67. 467 iﬁmb%u%§ N 19 %§°SL[HF219b+§30°07§S(e pa4e. yeilow

sog@g*b (%g a) ok b NVR( 4001 | Hz, CDCL3) pm
1 JL6BHE} 0 365FL BN, aF lgLéP le (41-g) from
eded 1148 1 1, 78( 111
tedt 3§&%y24}1pf%g%% HEDE %oé€§ﬁ e%hél?Z%S 86(211 m

dHNWYR64 eDC13
etfiyﬁg%g%%y ?;3 N?ng?%{%%t 3y %)6667§£%vvjaLe2 1%&??% 41

mma) ) . 2. 51-2. 67(2H, m), 2. 69-2.83(111, Iﬁ,
3.17-3.31(111. n, 3.59-3.70 (111, 27(27-d)
(4 B+HE NVREAOOVREZ 5SCBEL 3% - Qm@agmp%n§769bl s), 1.61(311.
s). 1.71(311, s). 2.04-2.211(M 2751.-2.78 (211,
epmyqyﬁoggygig 3dd. 0)h&pr63-e43.65h4) ac2:8% 2cE9M M),
4.87(2H, dd, J=11.7, 39. 6Hz) 27 (27-e) 1H NVR(400M.
cxi%ﬁﬁ ”QFR@M@01916¥@qqr%$t w2560Bkhiskd 4s58(31khs) prown
%3 s), 2.00-2.35(3H, n), 2.46-2.560H m,
502*%2 78m@11§3 h)—nztgs §2020RayMRS 3M25:@r38 o 18I -h) from
iﬁ g 57 (111. m), 4.96-5.08 (111, nm) 27(27-f)
(£ %ﬁm&io §NT§ \@EB@EWebBVébnﬁ fthypyiblvadO[iﬁz 2] hept-3-

12.3h 1,64(3H s 2.06-2. 1( 111,
enn% y ¥%C2ti§(ﬁ 28 291 5aR8Ld Pffi“ P2 12mgg( 2h 1 dgmol) .
r0U516. 3, 39.5Hz), 662 37 (111. m). 2.87-2.93 (111.
m, 3.18(2H. dd, 12. 7i, 32.9Hz) NS (FAB) : miz : 210

e Bh 2 A 0 e . .6 m._. .o
(Mt oy SR L2 AR LS00 OIS 08 BB b i
tnilﬂﬁamﬁ19521§153035 Bgléw m. 2.42-2.51011, m,
3.8 -3 73(2R n). 4. 17 (211. Q 3=7.2Hz).
4.99-5-07(21L m). 5.64-5.7701L m), 5.81(111, d, J=15.
6Hz)



6.77 (111, dd, J=6.77, 15.61(z). 28(28-b)

1H NVR( 400VHz, CDC13) :6 ppm 1.30(311, t. 3=7.211z).

1.58-1.76(111. m). 1.86- 2 03(111, m, 2.15-2.30(211,
. 2.44-2.57(111, m), 2211, q, 3=7. 1Hz)

5.00-5.11(211. n), 5-64- 5 7 ($1l M, 5. 850H d,

J=15.6Hz) . 6.77 (111, dd. J=6.77. 15.6Hz). 28(28-c)

1H NI\/Rg 400VHz, CDC13)

[T3bgg.

:6 ppm 1.45(911,
2. 26- 2. 37(111, m,

s),

2117(111, m, 2.42-2.63(411,

ExBfple Z.ABadysidda80( 11T,
3Hz) .

NoJ =6

M. 3. 17-3. 290t —m—452(11+—t
Z. 4.76(11:.

4. 64(111 3=6.1Hz), d

13211,
28( 24

THRMR (440N ( TREI3) djppnk]zzllzaiﬂz)x) 2. 2&34(-25,.n4,4]5(01&.68(2ff,f)n)575-
z5m(2fhm317ﬁ3'1\mﬁﬂﬂl\/l—|7 CDC13) :5 ppm 1.44(1811.

1(‘15?13)‘
J=14.
2. 78-
J=6.1

1som @Gg? CH’)dPF’E‘ 01-2. 10 211 2. 21(111, d.

wz ;z%v 35% %) %% 371 (GHpmly 158952, 93(@1(13913 2§ 3501H, m)
2R2ioknd 1,
& 3133€89H-IZ£)95 b :4&11(21112), 1) { Mzﬂ r%lzgé:ig{{%i dd, 134436 (1, m),

1011,
(111,
(111,
5. 4413

MS(F@iGWZBHQQ(MMﬁGZ?QMNa)t- J 6 3Hz), 4.92-5.03
H‘gyg* 2% %@@Wﬁ(@@@ﬁ}s 1B9HpmM17(1H, 5.0=15.2Hz),
78

}g?%gwé ?}1 gﬁ}ﬁ%?%s E7(lr1r§ ‘“““ =7.5Hz), 3.25-

1(Ug12.
“4.50
5 _46-

(’i@t{’rﬁ’ of-95(1H, dd. J=1.6,
QhIlIMRMdOI»d-Q( l:béla) BppmI 352 49T o, 1349603 9‘;“«1%& 1=213)
23401K, dd, 3=6.1848%), 2291164 (<11 31z, b 32(11E0 é) z() 2 47-§ss(zm 213 “7222})1

guils 36}4Hz)n3 88HER). £.G%-2.95¢1Hom 5177-3 BRI, mil 56158901524,

(%398,
cal cd
8. 36:

[ Tg

1.

2 52

v

IV!E’?,‘SQ”E‘CI\/B FAB :m z : 228 (MrH) +. Anal.

# é g} ?}i) j gE(Bm Bﬁﬂlﬁzdds(lﬂ’é Irog8>H7 D4(1HE4dA.622.657.6, 12.5Hz), |
SS(RY. m quit, 1=8.6582) 3.13-8§(1H, m), -

3.1 J= 2 LJ=E12 s ﬁ :

1bfk@;13{1> crr2192 ngg@?4 35% %1? f9§ %15 ppm :

301S(BLnlz 891 (vy<1. 63- 1. 71 (R , 20 (2H m.

2FH,
i =17.

2(3-¢) 193
s),
5.46
Maj on
(1H,
3. 27+
S. 49-

(At calqd forCU)HlB\TOgM"/,Z{ 59 (\I’H;s dedd$ifs mdza) N, B6450

__[D215ﬂ3l(cM06nﬁ20 2.76- 2 84 M n') 4.02 (| | |, S)
(1 HNMREPOMERO (cBQom;)d phirh PBRE, 40 QVElZ0 sEGCHEN 1 aa D 1RR s 12 51z),
21 Gt =16, 468}(29149(2}53) 2.48-2.56(1H, £3tk61 8) quin2J-2 8F2,3473 17(1H, m),

(1K 592 PHer) (HA IR THD 5885 B(1G7m)( K15 55(1H. . |
gg q&g L s 62%‘031 g5CLR IS 18438 (11 s)
adQaicd rbhOH 02: Vbd¥ory, b $ORBI73 Found of Sk s 380 755 -

3(3faf (3
78- 2.

S N8R (4008 EES CBCE) -4 ﬁplpHx, 38049(1KZ ot {24188 /s, 64y, UJd’ 1=2.7. 8.6,
853Hz). 2.08-2.12, 2.12-2.16(total 1H, dd, each s), 2.21(1H, d, }=14.0Hz), 2.28(1H, d, J=14.5Hz).

2.46-2.55(1H, m), 2.80-2.91(1H, m), 3.02-3.08(1H, m), 3.36(1H, dd, J=6.2 » 14.1Hz), 3.45(1H. dd, J=6.6,
14.0Hz). 5.72-5.76(1H. m), 5.85-5. 89(1H m).

3(3-b) 1H-NMR(400MHz. CD30D) :d ppm: 1.49(1H, dd, J=7.6, 12.5Hz ), 2.06(1H, ddd. J=2.6, 7.6, 12.5Hz),
2.17(1H, dd, J=2.6, 16.8Hz), 749(2H 5), 2.48-2.56(1H, m), 2.86(1H, dt, }=16.8, 7.6Hz), 3.16(1H,
broad), 3.18(1H, d, }=12.7Hz), 3.22(1H. d, J=12.7Hz), 5.75-5.78(1H, m), 5.91-5.93(1H, m).
IR (KBr) : cm-1: 2900, 1572, 1523, 1383
MS (EI) : m/z : 181 (M)+.
Anal. caled for CI0H15NO2: C, 66.27; H, 8.34; N, 7.73; Found C, 66.15; H, 8.33; N, 7.75.
[a]D : -155° (H20, c=1.0)
Mp. 192-193°C.
4(4-a)

1H-NMR(400MHz. CDCI3) :d ppm: 1.35-1.49(1H, m), 1.44(9H, s), L.97(1H, ddd, J=2.8, 9.0, 11.7Hz),

2.14(1H, dd, J=2.3, 16.8Hz), 2.25(1H, d. J=13.7Hz). 2.32(1H, d, J=13. THz), 2.47-2.55(1H, m). 2.75(1H,
dt, j=7.4, 16.8Hz). 2.88(2H. s). 2.99(1H. broad), 5.77-5. 79(1H. m), 5.87-5.89(1H.m).




(LH,
5.41-

m. 2.88-1-97 (1H n), 4.31-4.32 (1H m),
5.42 (111. m). 5.49-5.500H n). 29(29-d)

1H NVR( 400MHz, CDCI 3) : S ppm 1.44 (9H, s). 1.65 (1H

dd, 3=

7.4, 12.9Hz), 1.70 Wy$y,_2. 12 (1Hdd, J=1.6.

17.2Hz). 2.20-2.25 (1H, m), 2.45-2.55 (1H n), 2.49

(1H,
T %

29( 29

d, J=17.2Hz), 2.55 (1H d. J=17.2Hz), 2.86 (1H,
J 7.8Hz), 3.15-3.17 (111, m. 4.82(111, d,
4.90(1H d. J=12.1Hz). 5.56(11. §).
e) l\/b 160 C (deconpose) . 19-' NVR(400VHz.

180800)
(311,
J=16.
J=16.
(111,
dd, 3
3029.

L-NRGH B3 6(m.»ll AH#f. 49=67.9, 1219 Oz 6K ddg5)=2. 6, 7.6, 12, 5Hz).
), 2T, FHf% 49 (zn§§7 .(@ qsstlw 28618 4L1IFL 6. 1. BHz), 5. 161K,

aqd) . 3.218 2! gG-Ht)I |a la":>078(lﬁ. m}. 5.91-3.93(1H. m).
%%E%“ aﬁ§4lli&%“ *J=6. 9Hz) . 2. 86-2. 88

A, cadedlr (Zibﬂ-l%l\'(}?d@ 66~]7T1H 25,3413 2Hg) rour?a Cz%o (Mljﬂl's 13 K. 7.75.
—hIR; +1868.@biz )51 05. 5-1 (111, s). IR ( ocml
M2 9%0199R937. 2910 1889, 28412. _1631 1589 1500

5§36,
196116
67. 66/
N 7.
(311,
1.97-
(1R
51 (1

@13@&&%@24 680. 603. N5 (FAB) . mz
RS, (RPN 0 pon AL b 1ol 0 3 HITINGR: B8 T.0. 15,6k,

llH dd, 2, 532. 59 \ int, J=7.6Hz),
Q? §8H7§{ ﬁ:l\;( 2&%&%&3’1 J—l%g}%g%m—f 7@181}173 5. gr{e 02}21}1
j‘(&r)SHQ—I oéwzgz(&% ﬁas, 135641-1.46 OR m,

2As0fp ( 4L, 180 rewl3 (211, . 3=7.8Hz) . 2.28

Chnal] zaléh. fod EfpY16%0R1 38 6. 1115, 70s1: B=4.43: diH®)29: Ruft3: 34.71; K 7.43: K.
16138 CYrj!8. 12, 76 (I M__quint. 3=7. 6HZ) 2.92 (211.

55). 2.
: MZ
a]20

S ppm IR

12, 6
2. 46-
3.12-

@su@ﬂggl(lll e 5 353 35 (111, m. M (F. AB+)
1t~ : dd J— 11 lyg'rtzngriz,zgl L B, 2502, s),
Bi"§::9(l ?\%H Q ‘l 46(3 1‘3)2%3@9 11(3215:}12)) 3.36(IH,
09-‘1: 30 x ’144:\ aéiig&o?‘ :
Hé)(m% 98 (zlsi"(fr 0%, m,

4o celi @Hor T 1NE5S8T 561@;1{. @lét nrt, -4.01. Z-@iﬂl}ound C, 56.42; H, 6.21; K, 4.04:
. B31(In. m, 3.28 (111, d, J=13.41z), 3.33

TGENN
(311,
3149,

1410

E-NR] 40082 . APBELP), - H pB10.69Hd 84 1l m) JE38-8RiZ YL, w,. 39-2/034Mh, m). 2. 21-2.33
. w.72.802.76 @5 u)( 2172 GHy)s). 3 R-{ 8 JIK: W MO1-51 YR, w), 5 74-5.84 (1K,

:\%g\% 2964 927. 2378, 2831 1714, 1495. 1445
r)( y @/125: 3 3. - 1)

8

aci d-

. - 00 (.].H m, 2.24-2.32
T ﬁhchS (18 m

T % s

His- ras A Q). - @%Iﬁm £ Qf) @m&fg

-85
3. 99;
ppm 2
3. 11-
32 (3

n /’)

IN-ami400Mlz . ope13D - g\gpm Found C. 58. 09 |-|. 6 94—\
MaBr iBwer 7.35 (82s)( 32+-a)z Uil Im NVBR-£.40GNHg, 2. €30, 'w) 52, 26-3. 3¢ (11,
n) 05D (B biof] 1 5. Zirf.23 Pl 82-52436747( @ 1p). ) ,

3Minos gy 1. 49 (L. )32 IBBAVEL m) 2. 452. 59115 §12.6%2 10 (yjm). 2. 75-2.83 (1,
“)bZ‘BT SRIEE (ﬁho@%?ﬂi*iz*mémfé) (K, ﬁ?n“f s>94 - 2.

B/, -n: (4P

T4k

*1‘& 4 H%C’lﬂi §?3?7&951si %4 é}(ﬁz (3& s), 2.04 (K
3 op e adl % 4%152: b L ST T

3. 73-Ba /7 (3H
T{7-e) Mp: 188-190C. -
1H-MIR(400MHz . CD30D) : & ppm: 1.40 (IH, dd, J=7.6. 12.3Hz). 1.79 (34, <), 2.02-2.08(2H4, m}.
2.43-2.50 (1H m}, 2.45 (1K d, J=16.2Hz). 2.51 (1H. d. J=16.2Hz). 2.85 (iH. quint. J=T7.6Hz).
3.05-3,12 (1H, mw). 3.13 (IH, d, J=13,0Hz). 3.17 (1H, d, Jj=13.0Hz), 5.36 (1H. t, J=l.6Hz).
IR ({Br) : cw-1: 294€, 2927, 2905, 2832, 1564, 1525, 1396, 1384.
MS (FAB) @ m/z : 196 (W+H)+, 218 (4+Na)-+.
Anal. caled for C1IHI7TNOZ: C, 67.86: H, 8.78. N. 7.17: Found C. C. 66.84: H, 8 78; K 7T.21.
8(8-a) IH-NMR (400MHz, CDC13) -6 ppm: 0.91 (3H t, J=7.5Hz), 1.28 (3H t. J=7.2H2), 1.43-1.55 (2H, m).
1.98-2.28 (CH. m), 2.45-2.48 (2H, m}, 2.88-2.93 (IH. m), 4.07-4.10 (I, m), 4.10-4.20 (2H. m),
5.01-5.09 (2B, mw). 5.75-5.86 (IH m).
MS (FAB) :@ m/z : 201 (M+H)~«
8(8-b) IH-NMR(400MHz, CDC13) : 6 ppm: 0.81-0.96 (3H, mw}, 1.39-1.52 (3, m), 2.01-2.28 (24, m}, 2.52-2.55

(2H, m), 4.05-4.15 (2H, m), 5.03-5.10 {2H m), 5.74-5.86 (1 m).
MS (FAB) : w/z @ 173 (M+H)+ 195 (M+Na)-+,




(211,

m. S. 88-5. 95 OR nj. 32(32-d) i H NVR(400Mz,

CDC13) : 5 ppm 1.66 (111, dd. 3=1.2, 14.0Hz).

1.82-
(28,
4. 02-

1.88 (411, m). 1.94-2.08 (311, m), 2.42-2.44

m. 2.67 (111. d. JBiEI% 3.70 (311. s). |
4.07 (111. m), 5.11-5 (211, m). 5.94 (111,

dd, J=10.3. 17.6Hz). MS (FAB) : miz : 199 (M-H)
32( 32- e) i 1HLROOOMHz, CDC13) : 5 ppm 1. 70 (111, dd.
[Ta@ele 941 14. 8Hz), 1. 83-2.11 (711, m). 2.48-2.50 (211.

m, 4.

04-4.10 (111. nm). 5.13-5.17 (211, n), 5.95 OR

sdd) IRl G0B) V54 FABT T M Z IS5 (TTFH——207

(11~-
Maj or
68- 2.
m,

i somglr 1%, 77 21 Yy o

(1 H.

o8]

Xa)or 3dudr A206TGH. TH-NMR) ( 4QONHZ o), CRELIE (1. By P2, 70 (24, m). 2.87-2.96

{16 ovres. 3@.(1&5@(9&&6 B)4. 21711?\9-325&31& @il ke, adors. B (1n, w, 5. 45-5.47 (1K,

- (111, m . 78-2.89 OR , 3. 10-3. 18 (111,

guor gsogey oflqn ‘[..n?—'? 3K} 365485 (les) 2901-2- 34 (38, mM AHSr2. 47 (18, m), 2.59-2.70
12- §ig2. 86 {4 (n)7|_1 vsn.} %}14@ 5. 354 38 (1, w). 545547

W 682 g8 ot w428 .4 i (UL

Bg'ﬁ?ﬁm

> 1 1d 11 0tkeh, 5372@ %, 9. 0, 12. 9HZ)

ﬁgi&%sﬁ .f %"éﬁé%dg ’3H ' ) 14 X9 5%% j:—'?.ﬁ‘ 13. 2Hz),
& dolide @) 3= Qu, ql:%n9H¥-)6Hz, 3. f&z ﬁ:g 1?7[’“ 34‘;:1(.-&}13 Z;i

2. 80 |(dsHpas,: nle7 28HE - 3R Tubll, d. 7 8Hz) 4 75
8@l 1. | wpd175d@d. 5Hz), 4.85 (1 H. d, 3=11.5FZ), 5.52
(111, I@dwseegwcmwsﬂzp)m 16100, (111460, 1383, Giblz 7. SV, 5itz), 2. 03-2, 0B (2K,
( FAB)| ™. #it42t o358 4 11+1619H &, J=3% Biz). NWIK)2. 8 (1H-m) ] 8F1 (K. d. J=16.2Hz), 2.85(14.
[ Tabl e““i“S] f%z“?sé - e m)1850141’§06 Fe- me(mmm J=13.0Hz), 5.38(1H, dd,
coson)th 1 J=7.7. Hz) ,
1.76- o‘?’ ﬁfgﬁ @ i . Hz), 2 45

_ g((é-laii- %ﬂJréhki: Hﬂcgl%jﬁ \d% @H;ng eﬁréo\m%'_gzc 57,64 H. 9.18: N. 6.61.

4obx!ﬁz ) .t R —| 1.95-2.30 (2H, m}.

(1. 102 gb2. 378 2 HE }5-98 uﬁ%}( 1’1(3}{%' R%r? % 18 31'@??-5 09 (25, w), 5. ?:1'-; 86
6. 00 |(¢d1w. dd, J=0. 6. 5. . car-1
9BIAH9, mgﬂﬂ4003925001317409pm 16117£3H151§¥¢ 5&::694,31 f4t54u M@. m, L.54-1.58 (18, m).
(FAB)| 2.0m4.29 (312@2 2(4vizHp (21, sAnalos-1cial @ of 03, 030t JHEAND2 5. 77-5. 89 (1K, m).

8(8-c) 70, BOMR (KPR, 6813) N ®0:33; Found C. 69.82: H 8. 80;

N. 6.

Jiajor ls@és*((fe, @%tlﬂ—?’ﬂﬁ\/R (400¥H), ICBALR) (3R, uh 2.06-2.19 CH, w. 2.57-2.70
(‘92 m)n.)a 301(1“72“1 17@6(1;_8111 TF-B) 3;_864@ Progd. 5.23-5.23 (Ik.

ppm 1} ﬁ; Ay
(211. ; 091 ézjj 3. 69 ( 47 (21, m), 2.57-2.70
5. 80-5 qu'zl ,,};,33(‘:5 t?llﬂ,, bﬁ!ﬁl a,,&;-a, EF %46 (i, .

9ta-gyPIT -hﬁﬁﬁ’(%o&biz tlfcsk)‘*ir 'Usu )\1 46 (SH. s), 1. 45-1.58
81 Ua oyl S 19 . B TD b B §§ é’j Jq?‘d; (O w32 (i
(ot S ey Hre s cwﬁ il wﬂ 4

9(e 11, [ wp) 17431760, (Z11. T. J=7. ZHz), 4&.96-5.02 N e

5. 10(

1thdar @Qoyz 5 Cilbod) ( 4 Hpn:doba 33=9, Q=64nz)l 7. 2HZIBGH, m), 2.03-2.08(H, m), 2. 14 (20,
1. J=B.OHz), 2.46-2.50(IH, m), 2.48(1H d. J=12.0Hz), 2.52(1H d, J=12.OHz), 2.85(IH quint,
J=T.4Hz), 3.10-3.12(1H, m), 3.14(1H d, J=13.1Hz). 3.18(IH, d, J=13.1Hz), 5.38(IH 4. J=1.THz).
IR (KBr) : cu-1: 2957, 2928, 2905, 2834. 2629, 1540, 1397, 1380, 1285.

MS (FAB) © mfz : 224 G+, 246 (iNad-,

Anal. caled for CI3HZINOZ: C. 69.92: H, 8.48: N, 6.27: Found C. C. 69.13; H. 9.51: N, 6.2L.

10(10-a)

1H-NMR (400MHz. CDCI3) : & ppm: 0.90 (3H ¢, J =7 Hz), 1.20-1.40 (6H. m), 1.50-1.56 (IH m).
1.95-2.27 (3H. m), 2.46-2.49 (2H w. 2.74 (IH & J=4Hz), 2.72 (3H, s), 4.01-4.10 (IH, mo),
5. 00-5. 10 (2H, m}. 5.74-5.85 (IH. wm).

10{(10-¢)

1H-NMR (400MHz, CDC13) : & ppm: 0.87-0.92 (3H, m). 1.25-1.45 (4H. m). 1. 46 (1.49) (9H s. L.98-2.20

(34, m), 2.40-2.95 (4H. m). 3.86-3.88 (4.29-4.40) (1K, m), 5.23 (5.05) (IH, br.s). 5.45 (5.35)
(1H, br.s.).

10(10d} 1H-NMR (4008Hz, CDCL3) : 6 pme: 0.92 (3H. t. J =7 Hz). 1.25-1.38 (4K, m). 1.45 (9K, s), 1.96-2.15
{4H, m), 2.25-2.33 (18 m), 2.45-2.55 (1H, m). 2.47 (24 s), 2.81-2.88 (IH. m), 3.18-3.23 (1H,
m). 4.75 (IH. d. J =12 Hz), 4.84 (1H. d. J = 12 Hz), 5.26 (1K o).

10 (10~e)

18-NMR(400MHz, CDCL3) -6 ppm: 0.91 {(3H, t. J=7), 1.251.49 (5H, m). 1.44 (18H, s), 1.95-2.15
(4. m), 2.24 (2H, dd, J = 14. 21 Hz), 2.40-2.50 (IE. m, 2.75~2.90 (1H, =}, 2.97-3.03 (1H, o,
3.30-3.45 (2H, m). 4.99 (IH. br. s), 5.33 {(IK. br.s).




33(33-d) 1H NVR(400MHz, CDC13) : b ppm 1.40-1_74
(1011. m. 2.44-2.26 (211, m), 2.71 (111, d. J=7.5Hz),

3.70

M. 5.

(311, s). 4.10-4.15 (IF, m. 5.03 (111, d, J=17..
07 (I1i. d, 3=10.7Hz) 86 (I1i, dd, 3=10.7.

17.2Hz) . MS (FAB) : mz © 373 (M+H) 33(33-e)
I1i- NVR(400MHz, CDC13) : b ppm 1.40-1.79 (1011, .

2. 49-
[Taedd.
J=10.

2.51 (211, m),4.11-44.17 (111. |vp 5.06 (IH d,
BHz), 5. 10 (111, d, J=10.8Hz). 5.88 (111, dd.
8. 1"r.6Hz) M5 (FAB) : miz : 199 (MH) 221

lf(tmqs\lal)ui—muwlfss@aW) - alrapmNma@ ABONFE - @Ema;-x 53 GeRpRITI 187217 W .,

Mai orl 2i%& = 16)Hz). 2 0;|§1H ¥, 2§§-2.91 UK m. 3.05-3.11
2. 70- g‘; z‘i; f J;G’ 1@ %ﬁs (11113 %338 W 633 08
(||i.mm)3°§7§;§ CTT 5.49-5.52 (211. m,

5. 62-|5naD2alch ke cLafvaz:o. bizo:M. BQFs: inSQRERK 5.1 48nd Ol o8 9.72: x. 5.01.
1. 43-1¥p. 7160 Chidbmp.)m) , 2. 70-2.58 (211. m . 2.85-2.88

it I"r)m“;@““@g@gmlz 1&1’ (i pppera3fy dBT-Y Biiz3 8- (31<1slzmerm® d. JoT.0Hz). 0.94
T A, % e AR AL
: 261 { Crdd 1so-|ﬁyerﬂl i?g 13 i ) 6" (IH. W,
pPPM L, 68 (isoker®, c( 8;5]9}12) & d ﬁ§ 9ﬁz im gl (isomerB1H.
J=S. |&. 118-4OHr ower Ar.OT. 4. é&lslds uddd 5. SBESmerﬂm. ﬁa rm 2, 17.2, 7.0Hz), 5.89

12 GHA)somerAlH @doy P1012. 1G9, 7BMB4-2 60 (111, m). 3.27-3.28

19
3=11.
J=5. SHzy

2. 44

CD30D)J-2; B.3pPoE 1537 e1dl, . o Gs. 632(151“:5&9 dael=b

j?% ”“75‘3”@1’ 0 mﬂ 0.92 hﬂertgliw J3 - Oyt (K?BHlsmﬂerBSPL d. J=7.0Hz), 0.95
‘5 5é . ’S°m rAﬁ‘L i .3 ‘5 7 1stm1r ', :na L. 4"-1 :19
a8 i T o P e

4, 22 {is erAlEt ddd,
-a1. 84 oy L 1o (Jﬁ:emm ddd,

(731181 3.3 17. @] 6,88 sudrBRL 40 5.0 1dsbuerad, 4B=16,0316E) 17. otz

0‘)0

X5y

(L?'muoo | C0g)g: & prsq A, osp@? 4. PGB BLY <1qu rgpzo (1h, sept, J=6.THz),
5 Gl gl .99 Uhtga), 419 41k gy 520 Wi () 1 g

=7
gy

M
1405.
Anal .

Coun

' i%«gizubbgﬂ‘p?:ﬁr B mixture 1 Jﬁ;%% 1 0§ f omel;BSH. d,
Ry 350«418-3351;4&%% °§t% g‘g o, 0 KL 2 5525
(A28 11+ 1124 03. 297(BsfmeratyBaz( E&B) 18: 0. ATTE), 3. 82—36:3( Hrw, 4.26-14.31

(el Bors. M&HZ@N@IZ\& @) 5737345 (ishherBB, 80;5. {85, H. (DbyierBIH. n),
aﬁa—adg( Al 580 QA(RA a) '

15_(|‘§‘_—Ifj
3=7.3
2.17-

1 DC13) )1 08 S Gybﬁ % ?rv 26,8z}, 1,46 (OH, s), 1. 45-1.52
), 2,47 (PH..s), 252 (18,
HZ 318 16éfa)1 ((ﬂ4§!;&km 7, 8 3 %ﬁ:i "5=11 s, 4.85 (1

2 290621 %2 i, 2. 43 (1l ddd J 1.

H-PH
7. 3Hz))
dt,

QO

[Z1)-0R DOGIRE - QOCIBV: { o] . onj:m 4. 5%48#)21&9 (slﬂqi, J;BZBB»)Ql 40 (1K m). 1.44
. 3. 015 (1 444 6’3 ul- Bt 12 5202.8¢ (4 =Dy, (Ui SOT-LORR). 231 UK &
J(:['Hl? ;z) 2 éﬁzzept ( I'fi (IH,dnat 2. ‘3\]“39 qgnt 17 sz) 2.85 (2H. s), 2.93

LN NAL o122 . Fad |l M 4

i{ashizh
m xt u
T7-1.

m, 2.

Tin - 16191@3‘15 ag(- Qdsalt I F N—(560Miz;—CEBCE3)——6—ppm—FEE

r 18300k 4608z ( boS0DTES ARL1.89 3, Ly 1202l 1 1SORS B d6loms)S ) s b, ag, J=7

83 1hz[, Rlod-z imjer. i, 802 Br.23pi( GhIu) 1) 48 (B 4D 2577An. (R 1 ahz), 2 8:>
(9*&4@“‘-99-‘(%0%@( Bt Hl. H; 15ngH. d3]-00018. 860 (k14 J=13)0Hz). 5.37 (K,

3.33

(iso

(i soﬁg‘% 5 ’5;?1;4 a3 J‘”S‘Sogﬁfg U 22 i:?

3.90
o 4 (M + H)Y+
E‘Slh) ca E)‘o* (5 %‘& $18 QYR B«L:l\_l 24%[-&15 (gimll'ﬁu)S .%8

1t uSe
11i - N

BIRFHoEE)CHC1D - 4 oo 0,99 (6K, 1 &S OFERA. 11 1FL. 3 B -w . 3. SR @ o), 2. 102 14
MR{ 30 OBl '-’@DCiB) b PP Td 49 6( Q1 8z). SPy-5.11 (21 w), 5 73-5.87

1__70-1<1fh1(§0111 1.92-2 23 (611 ?'%'% glll

12083 é “4 p.:] —0.93 (6 s 173 & w. 1.96-2.28

: H. G, {2 ? tﬁ"j gmzz% 41( -5.11 UH,

(111.| BN ard=. % - 517 *0d" 5. ’ﬁ*s“'(tﬁl“ w

12(12~e) | 1H-NMR (400MHz,CDC13) : 6 ppm: Q. 85-0.89 (6H, m), 1.45 (1.49) (9H, m), 1.74-2.01 (4H m), 2 50-2 85
(4H m). 3.25-3.90 (1H. m). 5.20-5.24 (4.98-5.02) (1X. m). 5.43-5.48 (5.30-5.36) (IH, m).

12(12-1) | 1H-NMR (400MHz, CDC13) : & ppw: 0.90 (3H. d. J=6Hz). 0.92 ({3H, d, J=6Hz), 1.46 (9H, s). 1.50-1.55
(1K m). 1.76-1.83 (1H. m), 2.02-2.07 (4H. m). 2.25-2.34 (1 m). 2.43-2.52 (1 m), 2.49 (2H
br. s}, 2.84-2.91 (1E, m). 3.21-3.74 (IH, o, 4.76 (18 d J= 11 Hz), 4.85 (IR d J = 11 Hz). 5.27
{1H, s).

12(12-g) 1H-NMR (400MHz. CDC13) - & ppm: €.90 (3H, d. J =6 Hz), 0.92 ((3H, d, J =6 Hz). L.40-1.50 (2H, m),

1.44 (18, s). 1.75-1.81 (IH, w. 1.95-2.05 {8H. m}, 2.25 (2H, dd, J = 14, 22 Kz), 2.35-2.46 (IH,

m), 2.80-2.90 (IH. m). 3.30-3.41 (24 m). 4.98-5.04 (1 m). 5.33 (IH s).




br).

J=12.

CDC1
M,

d. J
ddd,
3=7.

4.78 (111. d. 3=12.2Hz). 4.88 (Ili, d.

.211z). 5.28 (111. br). 34(34-f) i H NVR(400ML.,
3) : 5 ppm 1.33- 1 42 (1011 n) 1.73-1.80 (111.
1.85-1.99 (611. Qf%@ (211, m. 2.21 (IF,
=13. 7Hz), 2.28 (I||, d 13. 71|z) 2.40 (11i
J=1.2.-7.8. 16. 4Hz). 2.70 (111, quint.

8Hz). 2.81 (212.91 (111. br), 2.95-3.03 (1.11. m.

[Ta®132 §1111. br). 34(34-g) M 157-159°C. Ili-|

t| R(500MHz, CD30D) : S ppm 1.50 (111. dd, 3=7.8.
12202 HEHAR (400ne@ 8038 20 B 1lae () & Ps &b .20. ﬁﬂt(iﬂlllj =6hJ, 1.6 O ¢d, ]
(211.- d 13 BE4. 8 [(Hy pep. 2= 8Y2)( b-03-2- °8q(éﬁ ml.. @"'7‘181&12):) 232-@81 (H, ),
(11123 °q&1‘ﬁ§1“mb—?8153%),“ B: B4 23(!*273 <)1ﬂ .3, |76%

sra g o SRR g g ) i L S s
(6C)us ‘ErC b - 2iBae. 1503, 1395, MB (ESI+) : niz :

274CN#10174c, 258( MrNa) - 236(MtH) +. HRMS(551+) cal cd

13figp)
36(

(IR (4t COCPH B & Tpe7 033-0.B0 @ o). 258154 689w ( 1.07-B& BATHY) 2. 12-2. 16

3Lk
J7

13?3—6)2 1.3;«%}@

oty ). 131-@1@!\@2((%0@)!\“79"'5(1‘?1@1{'2@) S 9 Ul F/ 7 m Xt ure

GH. R

4(,21~ 8024H:Zv)4 26 31h6i(4 1') $2H ' ) |

13 (ua—g)o

m .

12)

e RboE. Co D 5. fod (i Somerdd E, -5 ). 5. grs&:er&ﬂ (J.x.ﬂmm Lot
188=CISE FapTnel ] 055 <pant iy Jifmmaghmw 2EPCH A w,
2,88 A, . . dily w4 5 r

(iso
(iso

13 55—&) .

15— RYA0M L PR : = F B4 02 fn) 5=
o 21 5o, ) 552,@&*?;1 7‘% % e
rrﬁfoayﬂ]iﬂﬂt ), JS'ZQ 81'3%}5\1{{4«1)98&& &Zﬁﬁ brm 41 1H. br) G_a 3?
TesoldkAit, b8) 5.34 BisckdrB(li £0EB6 BlsdndraitSgoperibe. #0- 5. 91 ( UH,

13“7'.")
m Xt
(1H.
63-2

315(?‘8150@)2 C&QH”N\A/ P8 008 1) spepr X3HCDOE B JHz), 037 pﬂﬂerxﬁl Z J-1.3Hz), 105
i i?"eir[ﬁ*bd Fig L ) ﬂe]h arX?zH d% fa‘?ﬁf)gi;ﬁﬁ é o1 1%1?2; @gomql-z gi
: % (IL,]§ 52 glm-(z)’l 2121 ({1/ br), Eq{jﬂé % H‘EZ)J 4. ?m&&éj 11. 7Hz2),

96 (11L qui'nt

(i
(1H,

mdlmioowlrcﬂmﬁ 315w 10, BGZzMH 1.3J=7 &hz), o7 (Rbokrnp e, 455 az2), L4
{agolperXaly d5TET. OHE), Hi. 06 dideberia =] J5, 0HzD. 1032-13314%zY), 1.35@B 5k d)9z-1.99

| H NV\‘/‘EH__PG ngé’; Eor1 35> 296“@,5’m?~21“®8“|\/1“2t‘ 13, Y., 2330, &d, J=2.0.

Y 2152 (Lhys QI_I—,Sﬁy Z/ﬂv, (2H7$_|.,\. 94 (1K, br), 5.38 (1H m).

13%[3—
2.4,
2. 53|
3. 28}
d. J

14
1.70
1.96

I..‘I.l_ \J.II, ulay T
-?&mommm fm: A0 22 2 ) 41220, B ser9r By 106
8 someBX3t, 127=7 3&:]2)1 ostSEE}xaiilH,J-.cbﬁz) Jedlan, HA)44-1.53 (@0 w). 2.00-2. 10
256D X ZBHIH. rp; 7'2 5817 { BHM. qui2e (E] & 7= BNZ)) 2.85 (iH, sep J—t 4Hz},
g113( 3 ’F(r% - 4 9(*’1H3 zod(m P2 Z*FIE 5. 404(11:955%
:Eé?%ﬂfzm B !ﬁ‘%rﬁl i
IR (400t dDETR) L5 H&Eln Ukl 2t (ZH.‘JE)’ Ly U Y Nah-1.99 (5R w.
(QDH,S'ddi w\] 3604 8. 05 X2, S’JHZ)m—zao (]zu &7 - &13953 (qlb'l; “off) ., 4.98 (H ddd,
[=L1H, 2. ¢l 282)) =2 054(1H. Oid. 37=1. 1. 217 2H)) 5. 72 (BOeR. E&. { 2. 1.

191420
(21(45

2. 49;

g “°‘H“’ BAP3I:, 571HZ L. 09'120 335 “Q | 150 @i drg ﬂ1539 'pF@ 1 10-1. 67 GH, m.

Shi AT RAE R

14l
M t
(1H

m:mxm LSENEY S ;LWH( bHU&d—‘dﬂﬂZm) Mdéxuéa’)(’lt s lﬁélmm ehxt 0 zazm

@, 3Fz )3 B).5410AHM, (iddw. J067 (iSomerliB. ddfHZ).6. 1568 6ma). 5.08
fjjomerBIN. ddd. J=1.6, 2.5. 15.6Hz). 5.84-5.97 (IH, m).

14l14-e)

1H-NAR (400MHz, CDCI3) : & ppm 1.12-1.26 (2H. m), 1.40-1.67 (5H, m). L 7i-2.01 (3K m). O 19-2.27
(2H, m}, 2.46-2.71 (24, m). 4.18-4.25 (IH m), 5 00-5.03 (IH, m. 5.06-5.10 {isomerAlE, m).
5.07-5. 12 {isomerBiH, m). 5.84-5.97 (IH, ).

14014

1H-NAR {400MHz, CDC13) : 6 ppm: 1.36-1.45 (2H. m), 1.54-1.62 (2H, m}, 1.62-1.69 (2K m), L. 78-1.86
(2H, m), 2.30-2.38 (1H. m}. 2.54 (14, quint, J=8.2Hz), 2.76-2.83 (3H, m). 3.14-3.24 (1H m),
4.16-4.21 {IH, w), 5.23 (i m).

14(14-p)

1H-NR (500MHz, CDC13) : & ppm: E/Z mixture 1.39-1.59 (I3H, m), 1.62-1.69 (24 m). 1.78-1.83 (ZH,
m), 2.18-2.23 (I, m), 2.51 (IH, quint, J=7.8Hz). 2.60~2.68 (ZH, m). 2.85-2.94 (isomerBIH+1H, m).
3.29 (isomerAlH, ddd. J=2.9, 5.9, 12.5H2). 3.85 (isomerAlH. br). 4.28 (isomerBIH. br). 5.23
(isemerAlH., s). 5.34 (isomerBIH, m). 5.45 (1H m).

14 (14-h)

1R-NR (400MHz, CDC13) : 6 ppm: 1.38-1.52 (12H, m), 1.56-1.72 (4K w). 1.82 (34 m). 2.08 (1Y, 4.
J=16.4Hz), 2.29 (1H. ddd, J=2.7. 9.0, 12.9Hz), 2.46 (2H, s), 2.49-2.59 (2H, m), 2.86 (IH gquini.
J=7.8Hz). 2.20 (1H. br), 4.74 (14 4. J=1L. THz), 4.85 (14, d, J=ii.THz). 5.26 (IH. s).




2.15-

(1H,
2.86

d, J=
IR (KC1) : cml: 1624, 149

2.28 (3H, nm). 2. 47 (1H, d. J=16. 1H2). 2. 54
ddt. J=2.0, 2.9. 8.3Hz). 2.57 (1H d, J=16. ND.
(11L quint. J=7.8Hz). 2.97-3.01 (1H, n). 119 (1H
13.2Hz). 3.26 (1H d. ,3513.2Hz), 5.61 (1H ).
4°-1304, 1296 1197, 1025.

MS (ESI+) : nmiz : 254(Mr2Na-H)+ . 232(9+Na) +
2 10(M+H) +. HR115(ES1+) calcd for (M + H)+:
[Tapig. 74940. Found 210. 14898 (-0.42 mmu). Anal. calcd
for CL2HI9NO2: C, 68.87: H, 9. 15: N, 6.69; 0.. 15.29.

1RO UNhH R (2B . e U%-1.49 (168 89.1.5-0,71 4B Dok sm‘iﬁ BT Pos (. ade,

98- 9% -Z;f HHANR( 3200 DliHR, 2GDAL3) 214 Beppm (h d3=16.3kh, 445 (1 w,

2 72. & (ll(y‘gum % Iﬁ@ﬂzﬁ 12}..[73 (H‘H quirk. 3=7AHs) 2. 85121, 7). HzQ)l (1H2br) 15283 (1H. s).
14(1|4-H E}lss @e Q :% %

2 4 85 ¢ 2,05 {1H,

2. 26 fﬁ‘&? m 5@ ) 1348?9%‘253}1 ’?"’55 g e

= 7. Buu, L6ind JHZS)iz) 2096@& @2hh13 (gl o J-15. 28y Ao 20k g, Jcé}" 9 (1H s):
qui Nf REID = us, 8161—12)19053 %z(clnH br) 3.63 (1H, d,

13.5
a,

13. 2| L0 B2 (O 3. 2 Hz), 532 (1H s)

ETENA n-f RC1 “ s ; 3 LH § J-12. 9Hz).
zm\a 5 5o .. Eslsﬁ)x ddg:ajtlcﬂ f@rxa @M ) . 2%6 ﬂﬁ?’é

RGN F oo BBS (& gm/ 2 ML) . AnNAl . —Tatcd for
Cl 2HRENOBGIe: 1. 6, (915 5). @G 8-21k (11 ¥ (&, 584, 71 Ton3B; 2. 842 H8su34; 3.@8-2.34 (1n,

n). EEURHE (@ B35 62?= 09H'-H Y., °7§§"a N(JLSMBMO-E)% {8.:09:
1;? c?gsome?y (ﬁ:p s). @'HC) 57, 97@90523} 26-3.34 (IR,

b 09 ( oy 8 Zs'aﬁoﬁr-ﬂ E:BO‘NEQP UEL Lo o

15"(7’15-HP
11.7
Hz),
15. 6

k-1 (40601, CBE13)! - W (98, s} /152 Y Tde G=ile 1° 20t m, 2.30
b )aga, 22Q67. .13, 1&4‘ G20k, sB). 51 4528, )&6 (? ine, _I:Ll 6Hz)
258, { Blhz) del p2-3. 2217 w3 4. 74 Tl e, HzY . 712 47814 ((thﬂ 3=, 7. F05-5. 11
ﬁﬂm) 592(8115)( PHI=S@I () == 15 6 HZ\ 2 95 (2H. s),

1551598
mz
HRI\/IS
210.
68. 8
9. 05

ohea

ﬁ 04 , (11, br 5 42 NE ES +)
495(9 MaJ‘B l-afa:ii d E%l x %, J— zJ 462(18%(2:
+r)acha 161@ @ o b4 4dﬂ j’=13 Z-xi)d 3. 1 Axg g 10501 ),
1483412 ¢.- 81.98). rmas.s4éal.. cal cd for C121| 1
/IR e} 9 co-]]: PIASK 2906, ”@9 5@, 16, B8, 1Founs. ). 67. 32, H,

ED) 231 {3+,
W8P caflhet 0. 30 28(3852) F R BSA P By E ik oo

1616737
(1so

(iso

’iH—Ns&R(&bO&Hi" bt13)—: & "' 2B 710 2. 3i-7 (ZH
TE 5eA5H ,(erSi) 3.b2 (4 F&Q}”ﬁrwéﬁ 5?"’1 Hz)?’T;B gﬁg)uo" arl Oa(to:;l
ey BRidd:. d=1. a]:BQHBHE) 312, 34- 2,.}501:“( 26, 5.9, 525540k w,

({59
J=17
2.93

B8} (pOMHE] €DC13) 1a:1,an 8. vo gm?ﬂ.—@)totag 35 feach 14S TN X Miz)d T L 2934, =,
E7. Oz, 7. Ay L. 66 (i :(0 ) HE- 12 57 G 18, DE-373 FH|B)88-3. 95 (total
1§’.( each h AFT.H, th]—: lsz, 489x 3. 0‘2 %Td gS(&Bal 2R, each m). 5.77-5.89(1H,

EEEY
11SO
(iso

0 Cloourtz, EDCIB) - Sl L 3 Qd'FQﬂoEu AT okon doj-: ‘J‘Bnd‘* 1}{2‘)"" 1,47~1. T3{2H,
e Blib-2 33y, 253-5el6765 G, { bsSOMRRA. §3-4. () coradu Debienny 609, 5. 0.
1B PR, 5. ¢Pfrotalb 27 4ach B 2. 1¢H.SYMEmA2H, 1) .

16(16—d)

1H-NHR (400Mz, CDCI3) : 6 ppm: 1.29(3H. s), 2. 44 and 2 . 48(IH, d. J=I8.0Hz), 2.59-2.65(I1H, m),

2.78{lH. dd, J=5.9, 18.1Hz}, Z2.80(1H, dd, J=7.8, 17.6Hz), 3.18(1H, dd. J=8.B. 18. 1Hz),
5. 45-5. 48(1H, m). 5.82-5.86(1H, m).

16(16-e)

1H-NMR (400MHz. CDC13) - & ppw: 1.26(3K, s). 1. 46(9H s, 2.30(1K, d, J=16.%Hz), 2.47-2. 60(2H. m),
2.68-2. 75(1H, m), 3.30(1H. ddd, J=2.4, 9.7, I7.9Hz), 5.44-5.47(1R. mw, 5. 48-5.4901H m),
5.7T1-5. 74(IH, m).

16(16-1)

IH-NMR (400MHz. CDC13) : & ppm: 1. 41(3H. s}, 1. 48(9H, s), 1. 60(IH, dd. J=5.4, 1i.2Hz), 2. 10~2. 16 (LH,
w. 2.55(2H, s), 2.57-2.68(3H. m). 5 52-5 35(IH, m}, 5.87-5.90(IK m.

byproduct : 1H-NMR(400MHz. CDC13) :§ ppm:L 10(3H, s). 1.48(9H, s). 2.09(14, 4, J=7.8 12 THz).
2. 18-2.20 and 2. 21-2. 22{zotal 1K, eachm). 2. 30(1H, dd, J=8.8. 12.7Hz). 2.51(IH, dd, J=7.3, 7.9Hz),
2.60-2.66(1H. m), 2. 72(2H. dd, J=16.1. 24.4Hz). 5.82-5.86(1H. mw). 5.87-5.81(I1R, m).

16(i6~g)

IH-NR (400MHz.CDC13) :é ppm' 1.45. 1.46 and 1.48{(toral 18H each s). L.54-1.62(dH. m,
2,00-2.20€2H. m), 2.55(2K, s). 2.55-2.69(2H, m), 3.28(1H. dd, J=5.4, 13. THz), 3. 62(1H. dd. J=6.9,
13.282), 5.52-5.55(1H. m), 5.88-5.91(1H, m).

16 (16-h)

1H-AR (400MHz, CD30D) - 6 ppm: 1. 12(3H, s), 1.37{1H dd. J=7.3, 12.2Hz), 2.02(1H. dd, 8. 8. 12. 2Hz),
2.08-2.10 and 2. 11-2. 13(total 1l eachm), 2. 44(1H, dd, J=7.3, 13. 2Hz). 2.52(2%, s), 2.57~2.59(1H,
w), 3.19(1H, d. J=13.2Hz2), 3.32(1H. d. J=13.2Hz), 5.74-5. BO(J{ m.

IR (BBr) @ em-1: 2004, 1568, 1516, 1395. 1381

US (FAB} @ m/z ® 196(MHD+ | 2H{iK) +

Mp. 145-148°C.




38(38-b) 1H HVR(5001(Hz, CDC13) :6 ppm 1.31
(isonera3H, s). 1.35 (isonerA3H, s), 1.45 (isonerA9H,
s), 1.46 (isonmerB9H. s), 1.73 (isomerBif, d,

J=13.2Hz). 1.86 (isomerAl H, 1% J=13.2Hz). 1.94
(isonerAlli. dd, J=2.0. 1318f). 2. 10 (i somerBl h.
dd. J=2.4, 112H2). 2. 24-2.38 M m, 2.47 (i.soner A2H.
s), 2.75 (isomerB2H, s). 2.86 (isonerBlli, br), 2.89
[TahisomeY AlH, br), 4.55 (isonmerAill. d. J=12.7Hz). 4.62

(isonmerA 1H d, J=12. 7Hz) 431(isou|er B.1.H d.

70t
3=7

(i SoMeBAL b4, (i), 235 C. @) (R. A2k 1) 53. 712661 Samsr Blo

ﬁ#ﬁu}(aoo;ﬂu B3 TS OEL & drhoa) U@ 9—1413 Hz)‘"l) - Pw‘(t& m), 1.51-1.66 {1H. m),
—4 1dhh. m. 4.83-5.08
(28.2m) 4 BIAY-5. 86 190w (| soner A1H, dg, 3=7. 8,

5792

’%‘%}H’é’ﬁsﬁ-}”adﬁ pp0] 27508 0. 99 ('\tyHg) 7= 3@( 334;C)9H s) v 5270 @ W,

l-_ }{Smg’mﬂ}aﬂq ) \pr s) aA% 3) E
T e o) § 931' '

(i somerBoH - uz)Ja &uﬁnomeriﬁ 57

M.Am 5. 7¢-*p 79 (1H, m).

é 1:»0(1& "m). 2.25-2.35
12 Hz2}, 4.86
o, 167

3=12

17(1F-3D mﬂ(kdowz obc13) =i Zpu? L BZ 13k, 4, J7=bt 1(z| SlOﬂ%ﬁ[&fN H, 20000 w, 2.19 (W q,

DR H2), P, WO . SoTRR BB PiA2-0 46 412 21853, 20225, $0-320350 (4, ), 5. 0

[ Tabl
CD300

(5‘23!; &lanvs;rsAoq p5-5. FPWH 9: '%5%3"73 FrULIehi sonerB4li,  a).
17 .?- ﬁg N —:[Z; Al.q il. TS {LH, wi, 2.02-2,10
3=13 2"% : This, Blaso 1£%§ ggs%%ag %—i§§ o

& Eb]: 38: (1&8(1()(4) ldp. 177- 178t,, 111- NI\/R( 400MVHz,
Jnal. chicPATI4LNE0. {1 OITes. AS K, 8. &) K. 71053 Boukal ¢S GETET: B3klso: . 7.17.

ISQ)S’ 5 Ml”711481‘1|57; nerBlH_d J=12. 5Hz) 1.76 (isonerBlH,
—a 4 L. J4=4. 57 , 2.19-2:83 (2 2, 43-2. 58
((Sll soms ? El%of mu?pl %é?;%rggliz—)l-‘l 3§gr¥j 3:2 2_§§1§;% QG% (2H. m),
] O A 70~
(iSOI kl‘!,S)EI')_vﬂz\42262§ (zﬂ-lm) IOSOITET Eﬂm( 21 :8 5.81 (14, m), 6.88
IB(XIB'S»DITBH‘@HHQ, 89 . ¥0. Q—IlS@WB!rdﬂnHor R, ) 1. 894. 960014 of miner, m), 2.1:-2.31
(1 somMé#BhH2. 46-2. 60 £20.50) 6 BiA)-3. 7@ (RO m)( i3 nagr Al f4,08-ar1} (1128 Bajor, w. 4.21
( i sorre"r B Yifi of mipor. 1 £ 395448 %Uﬁ 20} 99 017 80 rdB2#E8-5 Jo, (18, ) 86.89 (2, d,
18 "D$($Z)»I‘ 23 {24 ~d. C’THZ, Hg. 57 (somerA-H_d.
18Y1 13 !
3 fE 1somer550é¥z§9ﬂ‘7s4 E%lllﬁl H){’m} 2. &n& Eﬁeﬁgk a’OI%g.d 3.8t (3H,
J=2. Q 333 o ©.sQHzZ06. 215693 4@'@{0953&3'7 i, ddd), sk 7-6.90 (2H,
5.9Hz W, 72 RMB) w. cm|: 1632, 1508 1397. 711.
( ESI +)hn°r 1PFMrz<dew°t28€)§%Naﬁ+Né iﬁdfo-‘(am%QNaaHH 3p (zv m), 4.08 (2H,
21907 iH. br R )ca Ipd for (M +

18"q)t—

cal ed (:fHOE) Ghb kﬁ7bb14s o 574.6§,(m
Found (@ b6, 839 2kl o 8.= OF pz) Nz, 27 (2n1B. ) = 89({39 a) 111

] ‘Cﬁ; - SFount, T961 gfs ;g"% IR

(1H12 J= ll "Hz) 3.59

18(1ERC]
7. 4

2. 304

S) and

3*‘"”&@@13 ) FepRz) - Twaz-i-gofBrg. h44los 36 1(43 (dHy, do3-J 13=(2fL m, 2.23
2‘& = 1411 @4 .(2%_ (15.14_ J —d14 1}‘12)— 2500 aHﬁ)‘l u)]_2 852, @4_]_(15[—‘::) 3.06 (1H,
4a

1dd 3. 9 Hz). (1H1 dd7 J 11&_9 K 3 81 (3H, s), 4.10 (2H,
n%;"j““z‘?ﬂ 2 issi %&&2’"62 Gh R @ )=

1810881 {
5. 591

2Q/( 2

&38- -

JrBﬁm(chﬁsd 4{(0(&szli 1.4391.4,&@0 mﬂ 198 (788, 34, h.@%al(m"nb; 2.23 (R, o J
5180u:f.(. B 11s w)J -and 1D. 4485 58 6. (. Dz 96N)H, w), 3.07 (UK. brs). 3.35

BIHGE. (17,63 14 1 K. el (15dd. 7 =653, 180814551 @1 Wr)s).. 499 (U br s),
5488 (Mibr D cDC13 400 Miz): Three isoners:

1818 g)

T 1-RR (CO30D. 400 MAz):“ &6 1.54 UH, dd. J = 7.8, 12.5 Hz), 2.06 3K, s), 2. 06-2. 17 (2 m). - 48
(2K, s}, 2.55 (IH. brdd. J=7.8 16.4Hz), 2.88-2.96 (1. m), 2.15 (1H, d. J = I2. 9 Hz), 2.15-3.20
(H, w), 3.22 (1K d J=12.9 Hz), 4.89 (2K s), 5.71 (i brs)

WS (FABY: m/iz: 254 ¢ + 1)-.

Anal. Caled for CI3HI9NO4: C 61.64: H 7.56: N 5.53; Found: C 60,66: H 7.32: N 5.62.

IR (KBr): ca-l: 2904, 1742, 1567, 1524, 138, 1242

Mp. 175-176T

19(19-a)

TH-MMR(CDC13, 400 MHz): & 0.03 (6H, s). 0.88 (8H, s). 2.10-2.17 (IL m), 2.29-7.36 (1K, m).
2.40-2.48 (IH, m), 3.59% (2K, d, J = 5.9 Hz), 3.73 (3H s), 5.00-5.08 (2H, m). 5.67-5.78 (IH, m),
5.85 (1B, d. J=16.3 Hz), 6.86 (14, dd J = 8.2, 16.3 Hz).

19{19-b)

IH-NMR(CDC13, 400 MHz): 6 0.04 (6K, s), 0.88 (9H s}, 2.12-2.19 (14, m), 2.28-2.36 (IH. m).
2.43-2.52 (4, m). 3.59 (IH. dd, J =5.9, 9.8 Hz), 3.63 (I, dd, J=5.9, 5.6 Hz). 5 02-5.09 (24,
m), 5.73 (1H dddd. J=7.0, 7.0, 10.2, I7.2 Hz). 5.86 (IH. dd. J = 1.2, 15.6 Hz), 6.97 (Ii dd

J = 8.2, 15.6 Hz).




b 0.93 (0.911. d, J = 7.8 Hz) and 0.97 (1.211, d. J =
7.0 Hz) and 1.04 (0.911. d, J = 7.4 Hz). 1.44 (2.711,
s) and 1.46 (2.711, s) and 1.47 (3.611, s). 2.02-2.22

(111,
2.52-

. 2.35-2.42 (13, W §.44-2.49 (211, m.
2.59 (111, m), 2.65-2.673(IH, ), 3.05-3.12

(0.311, n) and 3.18-3.22 (0.411. m and 3.33-3.37
(0.311, m). 4.61 (0.4H, d. J = 12.1 liz) and 4.71
[T49i819] d, J = 12.1 Hz) and 4.81 (0.331, d, J = 11.7

112)

476(0 411, d. J = 12. 1 H) and 4.92 (0.311,

I (T
5.65

(111

A-_211 A J =12 _1 l—I7\
mmln m&)uu ’-I' UU \U 9.L L. v I
B Dsoked. 53.5) RN, Boi7di Q). 7144:)((& %1]9)1842 z?u _Im) S 28 73 . .
2. pr1 0139( 30-c (Jil ha:NVR =(:OBGL 36 £ O DB QL e o),

4. 89

{9211

i soned-£5-§ @(EB (b 811, 6dl J(g— 7. 8 Hz) (ind_ 0. 9t ot
nor jisomer; (det e : s 4.2 ) 5~3.

(Lﬁ oy gf g Tyl ‘fﬁm}d%’z .Y 42*?&0}\49%1 nd) 22@4&2 157

1t H-MICC1S BY D) MPior Ms&iare ' . 2.64-2.74

2. 9VtR. §3 &4 da, mm,.ff% 8- &%‘LE,% ?6 Aénrs ﬁi) ??g §6r§:lm, 1.23 (2H,

(0. 6Fbr at = 1B 1), 151473, 40 kB B, HHzp-5.53 (AO0m3. 54

’CG” mr (“b‘le‘”‘%’)e repiel: 5,10 Q0962452 bt(us)n) 4583-?1& G, &B 5.37-5.39
. o &nsfbo(li‘mm) 111 NVR(CD30D. 400 MH7) - Two

(.11
5. 771

4-O-

19Y[5+e )* 120 cncw’ 400 Mt © 16§ (I ). g IF:IZ 15 gﬁdn) 12 (14, ddd. ]
maj O h@g l)?i—»?_ J 8 ) 7 (14, m). 3.37
(1. 5121351 sGi 1, 913 . i 711&2 z{42dm523a91 é dg lsq (1H. m).
1918=(D | BOWR(@Q3, mam)ﬁ)a L. 23 263—(2& L { AldsE &) 2 oﬁ@%# mf 9223 (. q, J

1= HpjHz), 2,29 4104, JOOMQH2). 3)47-235 08- 3. 242-1 2048 o1)3. 04-3.09 QK. m,

iBSaS H)s)(laﬁa (Mdd 5 gg 157@53(4:1[4}1 ‘WH wg;@Euz) 4012[(2[{ s). 4.99

1o4%-h | HiNr(Q ~dinl TG, iy T 7 2 ; 12.5 Hz),
N 7.1 472 EQUHQ 2@6 @Zﬁ QQ =, 1’15039 . 2 9- R ((FSEE 5;_ 13.3 Hz),
cm 1|3 2950, (1126515, 221628, 7 1540 1) 13&9«m 6524 m4é£4,-§ br s).
NI\/R”@D@EB‘"/M@@(WHZ b 1.08 (311, t. J = 7.4 Hz),

1. 46/ icdcfpr %g;' 9{367& 558 f151 X P’f‘ FqunQ Z-62. 8@4f P4%6.2m) .
2 13 4 Pt L LR s 3(111 d, J = 14.1

20k} | B m&’qo&nklcbcm)ﬂ 5 pho0. 8¢ 4L ékL Rz =742 ‘sﬂn' d, hz) . (116 (L 5,
7.8, | 46140 HBY.s). 2676720284, M. 38R 60 (Za mﬁ&rg O E)ll_ﬂ; imm s), 3.73
3_32 f3¢1s1 4. Pfcp. 051020 oy R73-5084 (Bi kiz) , 3.4 7 (111, dd, J =

20020-¢ fgnittz @613) (. shrl &), §r. 3] 56433 (b BL, 2 W2 81 UK,
‘zgjd? Jl‘l_l) N?‘2::,,‘1‘;,3}3 s ? w Tli r ') [)111'11 mhgo 4515. :JS (0. 9. -n:ﬁ

20 THtdR
7.4 Hzla (gréls)46.-' (3475 ?pjallm-l"% (- 47 Al 9 o Oa-"%?z@ 0% 45,
(111} 4n)=172302222 Q& {I/H 17 1) 2 622@-9f12 w16 123 an M., 4. 50 (i 4 i=
2. 32 PRl 81Ul d g 128).43-2.49 (2IL m, 2.79-2.83 (111,

20(20-e) | IHRMR ( CDC1Z)Y - & =115 ( 53 (9 136 441 (34, br. s),

* B! 1)9*’8851:2*0'“(]}11%33953
o %g%‘% % ,72 (%u;Im) r&«w 25703(2& 3. 3.490( 9_E1(3|§L m)ma 26-3.51 (2H. m),

204d0Hs A ij&R(db@Hz Gbatn!) Jé’r‘iﬁm UMa-LJséJﬂH'\'WJ“ 1\6“"&?1.”\5’ '( "‘5 )” . 05-2.20
1. 11} CRw,t2,35 Jau=or7s)4 2. b2 57 du. 2] 2(68-2 14 (1§idm)r 8573, o% 2 Ilé .36 (21,
Hz) .| ®. 08-R2412H. (ul. 17 68-Tj2. 22 m). 15- 2. 21 (31
5 so_anagdceioIfmmﬁrjoss O $A8: (#0719: Ky 75: 9 578: @;\qd csﬁ)a 82 He d13; N, 3.67;
2.87 (311,20 3. 14 31161911_0111 m. 3.35 (LH , J
= 12| 8 ¢z} /23 2@ {1H d, J £12. 9 Hz), 5. 30-5. 33
(iF. | ¥ 186-189°C.

21(21-b) | {H-]R(400Mkz, CDC13) : & ppm: LOSGH t. J=7.6Hz). L 39(IN dd, J=7.6. 12 Iz, L a4 (1S o).
L96-2.02(2H, m). 2.12 (M, q J=7.6Hz). 2.22(1K d J=I4.5Hz). 2.27(1K d. J=14. 5Hz),
2.46-2.50(1, =), 2.80-2.88(IH, m). 2.99-3.00(1E, m}. 3.33(1H dd. J=6.2. 13.7Hz). 3.41(1H dd.
J=6.2, 13.7Hz), 5.00(1H, broad). 5.33(1H d. J=1.6Hz).

[a]25D ~00.6° (c=1.37. CHC13).
21(2t-c) | Mp. 182-183C

{2 -110.3° (c=0.85, MeOH).

LH-NAR (400MHz, CD30D) © & ppw: L1034, 1, J=7.4Hz), L. 48(IH, dd, J=7.5, 12.5Hz). 2.03-2.08(2H,
. 2 14CH q J=7.4Hz), 2.46(1H, d, J=16.2Hz), 2.46-2.53(1H, m). 2.51 (1K, d, J=16. 2Hz), 2 .85 (1H,
quint, J=7.5Hz), 3.09-3.10(1H. ), 3.14(IH. d. J=I3.0Hz), 3.18(1H. d J=13. OH.) 5.38(1K. dd.
J=1.7. 3.7THz).

IR (RBr) : em—1: 2962, 2928, 2897, 2877, 1559, 1577, 1402.

MS (FAB) © m/z @ 210 (MH)+, 232 (M+Na)+.

Anal. caled for CI2HI1ONOZ: C. 68.87:; H. 9.15; N, 6.63: Found C. C. 65.55: H 9.16: X, 6.45.




M5 (FAB) : mz: 244 (Mfree) + H Anal. Calcd for
C13H22N02C1: C 60. 11: H 6.54; N 5.39: Cl 13.65;
Found: C 58.70. H 8.43; N5.32:. d 15.67. IR M):
ca-1 : 296"a, 1714. 1467. 1208. 1020, 788. 41(41-a)
111 NWR (CDC13, 400 MHz): 6 Yox (611, s). 0.87 (311,
t. J =7.4 H). 0.89 (911. s), 1.17-1.30 (111, m.
1.51-1.60 (111, m. 2. 03-2. 11 (111, m , 3. 49

[Tgle, 1@d. J = 6.3, 9.8 Hz). 3.53 (111, dd, J = 6.3.
9.8 Hz) , 500503(111 m. 5.05-5.06 (111, a). 5.

2b7- 5] wbbnlidelcl, M. - 190 = { Tabte 1644+ N-NVR—
(CDCZLB:;JMO& #/Hg). 02, Gled®. 87 3H t. J =7. 4 H), 1.29
(3H mmm CUEPD)Hzé ppat: B, 12(9K L. BE >1F-Ia1(n§ gd, 12AR-2) 5 06CHo (4H, ),
m ', s) 1?3 Wq' Bl (2H.pY; _2oBT4H lth J'7n2Hz) 412—;34( 2%, 3. 281K,

. ‘ ? 5

, %Hz’dl 1315 QZ 707

Ptlzbé f?%ztl %:%g{ » amc f‘FI" 72,%1 ).

J
81 GE){BI*) Oz J 25 ESes) 6 171 Al
6 Hz oaldh]_féxﬂ:lsﬂzjyossl El eR 1 CBCL3:. 675@&4!\41% dnd &, 50,1 m81821 N, 4 10:

17!;1'2';0Hm 1.42-1.50 (IN, m,
23:523 ?5 Wm‘ 2 12?5 6(%5‘1 3UY. ddp JIg. P2 1. qu-qsﬁ, sh,
R

=14 =14, S5Hz
m, 42 419'830 H,Oxﬁ 88'?@1 mJ :(isgi @%5}_§%uq3l\imh dfi
d, J| 762513673 0ok Orded), %(lﬁitd, 3=, et ./
41%81 m}fzm;ga Nggfﬁ;;)@(}@@l@yo(ioozrl\g/l—@ = I\/ghgr |soareur15{ T e
2 o 7 oy YO . 7. . )i 12 Ga OBe st
et i B AR SR
(1H m) o 25&3 33(1H n% G
5. 48/ % 50164 %, nm). 5.57- 63(1H a), 5.79-5.84 (IH,
m . Mg rS‘UhéPGG 520 2193 @HISIE 140 = 7.4 Hz).
1.23 ﬁhl % 3 40302F43 c(e . N, 6.4l
2.651 2.6 (c_l 8" ?[‘F‘i“v\‘z Fomms C) bl pioge s o

AG) 41}@@&(&1&5@% B R mﬁﬁélmw B GROROD TT 9 . 2 o
(I'N, | f)ddd. § =29, 66.84 5() He. 4y, oA L. 6 4th- @ )ae, | ;N NV § 1982, 99 (11,

)

400 \,tz'zj 28 (IH, N]ﬁf)or‘ 2} Ehreert 8P LGF 1O 4. 80(1k 7] 4 Lz, 5.58 (1,
AP m‘mﬂ&mlqu 1 -45-ON—s)—1.50- 1 RA UN_m
#1210 O T
2.29| 6l Ja,wﬂdd . an 60'(13. w2 oﬁcaﬁ s) 12220 3333?;%@ (1H, ddd.
(1H, sz 46 1621, 5)o, @2 5062 1156 dUJN 54%) £ w. 3.24
(1H J,_B?@:P MH AT (8 & IE1LThblzd os it 865 £ LN, o], 5.49 (. b o).
24y34-c (CDgI3, (4448 .o ). M)er2.08 (R o). 217
B s o (e i 5, 03on. 08 L

J = 8.8, lGle) 2.86-"95(1H m. 3.07 (}.H b os). 3.22 (1K d.J-ISTHz) 326(1H d

J=13!Hz) 3.34 (IH. dd, J=5.9, 13.7 Hz), 3.42 (1N, dd, J =86.9, 13.7 Hz), 500 (U1 br s),
3.85 (IH. br s).

24(24-d) | ¥p: 165-167 C.

1H-RR(CD30D, 500 MHz): & 1.51 (IH, dd. J=7.3, 12.2 H2), 2.02 (3H, s), 2.09 (1K, ddd, J=2.4,
8.8 12.2Hz). 2.21 (H, brd, J=16.6 Hz). 2.51 (24 s}, 2.58 (1H, br dd, JT=17.28 16.6 Hz
2.87-2.94 (1H, m). 3.15 (1H. d. J =13.2 Kz), 3.15-3.1¢9 (14, m), 3.21 QK d, J=13.2 Hz). 3.
(IH. d. J=13.7 He), 3.27 (1H, 4. J = 13.7 Hz)., 5.58 (1H, br s).
MS (FAB): m/fz: 242 (M + 1)+
Anal. Caled for C12H19X02S: C 59.72: H 7.93: N 5.80: S 13.29: Found: C 58.72; H 8.03; X 5.7L: &
13,12,
IR (KBr): em—!: 2906, 2632. 1547 1395. 1283.
25(25-b) | IH-NMR(400MHz, CDC13) : & ppm:
1.40-1. 50(1H. mw), 1.43(9H, s), 1.51(9H.s). 1.B1(3H s), L96-2.08(2H, m). 2 L27(2H, dd. J=23Hz,
14Hz). 2.43-2.52(1H. ®). 2.BI-2.91(1H m). 3.0(IH, s). 3.31-3.46(2E. m), 5.0(lH, br, s), 5.34(1H,
m)
25{25-c) | IH-MMR(400MHz. CD3 OD) : & ppm:
1. 46-:.53(1H, m), 1.BO(3H, s). 2.1~2.17(2H. m), 2. 42-2.54(34, m), 2. 78-2.90(1H, m). 3.07-3. I5(IH,
m. 5.25-5.30(IH. m), 7.37~7.44(3K. m), 7.78-7.84{2H m)
25(25-d) | IR (400MHz, CD30D) : 6 ppu:
1. 40 {1H, dd. J=1.6. 12.3Hz), 1.79 (3, s). 2.02-2.08(2H m), 2. 12-2.50 (1H, =), 2.45 (14, d,
J=16.2Hz), 2.51 (1H. d, J=16.2Hz), 2.85 (1H. euint, J=7.6Hz), 3.05-3.12 (1H m), 3.13 (1K d,
J=13.0Hz}, 3.17 (IH. d. J=13.0Hz), 5.36 (1H, 1. J=1.6Hz).
IR (KBr) : cml1: 2946, 2027, 2905, 2832, 1364, 1525, 1396, 1384.
¥S (FAB) : wiz : 196 (M+H)~+, 218 (UNa)+.
Anal. caled for CLIHI7NOZ: C. 67.66: H, 8.78: N, 7.17; Found: C, 67.53; H 8. 90: X 7.28
[2121D -140.4° (c=1.23, MeOH)

)
23




M nor isomer: b 0.88 OF.
(111.

Hz) .
( 2H.

2. 95-

—12

t, J = 7.4 H), 1.33-1.39

m, 1.45 ON. s), 1.85 (IN, dd, J = 8.2, 12.9

1.97 (IN, ddd, J = 3.1. B. 6, 12.9 Hz), .2. 46
s). 2.69-2. 70 (IN, m,2.71-2.77 (1H,_ m, '
%(1Hn)454(1HdJ

3. 03 (1H m, 3.17-3
5 Hz), 4.60 (1H. d. J = 12.5 Hz). 5.59-5.62 (IN.

5. 76 582 (IN. m. 41(41-f) 1H NWR (CDC13. 500

Ta\hﬁlz% ] Major isomer 5 0.83 M t, J =7.3 Hz).
117122(IHm 1.24-1.31 (1H W 1.43 ON, s).
35!95“4)1&”'%4 CoCHy) ;6 pe@5 (1H. ddd. J = 2.9, 8.8, 12.2

Hz).. ‘g ‘{;}HN"') ol 43H=s)q 3 SYOHp) L. 82(32?5 3(l 1.Pp-2.08(2H) m 21F (I, dd. J=23Hz,

31352 gzéuk PN 2 8§29 OH. 3=y 04 s L3 4Pf2L B, BPURKRS), 534K

%?}{_j W(gfmh ‘.S:lbb nA 5. 77 5 79 /1“ m 5.85.-5 86
4 o8 D) : & i, .

6-1. MOk, L SPHET, 3 sz D84 N, 45—'2 S g 27 E, =), 3.07-2. 15 (18,
1. 24} &, 3%sElsbkin ), :$—434(€H9|ib 5)5-7. da A8 wl - 84 (fzngf% ’
26{bs-0ll | (H-bg@dd, o) 5 P9, S. 3, 12. 2 Hz), 1.75 (1IH,

dd. Ji.=0 @H &, 34726 22.8). 1.2 @R ) Rlo2-d, 0800w 18472 bz )i w, 2.45 (1H 4,

2.29
59 (1
74

| SOMBKna

m,

oLl 773 (e (o1, g8 S). 5.69-5.

°""41 Mﬁ ‘Eﬁ%b’é’ ’1?901%2) : Maj or
cch or( }m”t ?@ &2d12) - 11 Fo.’th & bzaxi(ny'% 89: X, 7.25.
l[a?&tnlﬂ% 1§ 144, 4ﬂ)ue01{)1 50 (1H, dd.

%_t 1d 2.5 )1l & 3= zqqt)a 852(129qu21t32= (SﬁzN 3093 12018302 3.13 (H, o
513.

27 iz
2.33

B Gk Hooeddds pgo= 2. 7, 9.0, 12.5 HZ).
2 9T 5K, Jal Li=6rdiz), ResB7sHON, J=6.182),21. 168058 2H, 1. B)1, 582 £)53-62-1. T8 (1K, ),
1.89-2 UK. B). 4 - ROSIHRn( |SN2-5pUH3w32 (1H, d. J = _

59
ZT%ibé

W 5

i,

“@““36“{“fH #™J = 13.3 Hz), 5.70-5.72 (1H,

73;311 i - {3’ mM (3}’2%3(%]0%:09%“"0 %y ("gHH%% 7-.?69—2.83(111, w),

27 (274)
13.7

'IZu)-m(J;oomg .oy TAE st;g n), IS56(N—dd—3—67
Hajon &, 85:Au. 88 M Gam, 22043727 @. m)S)z.,al.—Z. 788, Gn?—,ﬂ.al@x., dd. j=16.6,

2. 701 2 5, (218sk2. aajet. @, 9B7B @4 (=1l W63, 12-3. 19 (2H.

ZTFW-_e)
( 1H.

3”312’3(300% ﬁgﬁH drgpm: 5.64-5.66 (1H, m. 5.81-5.84
6(9 i, s LFPCY @), Hk 8(3Hy q02%13a(3@ w] £46-2 6(IH ),

20
27i(27—‘1‘)

1. 271
2 05

oo Pl Pl p e

2.63-2. 8/‘(J|H, ) 29573 P3¢ . s, A57 (1, , 9.,,96—a 08(1H, m

. )l 9 1 H =2 [N
Lt m ﬁ“ c:az fzé% zfzﬁ, %‘“ ﬁz 6, o
32 y

QU AR 2 Jai¥z 3)0 (Mﬂﬂ*Sl 2 57 (I N m 3 12 3. 24 M

zshaﬁ-aw 1i7@E GOORE. (0CH) ‘iyem5. 92-5, 93 (1H m). M nor
i sone Il 28(3H, t. J=T. lﬂz) 1.50~1.63(1H, m}, L.72-1.B3(1H, m), 2.11-2.25(2H, m). 2.42-2. 51 (1. m,

3.54-3. 73(2H. m), 4. 17(2H. q. J=T.2Hz), 4.99-5.07(2H, mw), 5.64-5. 77(1H, m), 5.81(1H, &, J=15. 6Hz},
6. T7(1H, dd, J=6.77, 15.6Hz).

28(28-b) | 1H-NMR{(400MHz, CDCL3) : 6 ppm:
1.30(3H, t. J=7.2Hz), L[.58-(.76(IH m), 1.86-2.03(1H m), 2.15-2.30(2H, m), 2.44-2.57(IH, m),
4.19(2H, q, J=7.1Hz), 5.00-5.11(2H. m}, 5.64-5.77(IH m), 5.B5(1K. d, J=15.6Hz). 6.TT{lH. dd,
J=6. 77, 15.6Hz).

28(28-c) | IH-NMR(400MHz, CDCl3) : 4 ppm:

1.45(9H, s), 2.08-2. 17(1K m}, 2.26-2. 37 (1K, ), 2. 42-2. 63 (4K, m), 2. 83-2. 95(1H, m), 3. 17-3.29 (1K,
m), 452(IH t. J=6.3Hz). 4.84(l1H, 1. J=6.1Hz), 4.76(1H d, J=11.THz). 4. B4{IH, d J=11. 7THz),
2. 4-5. 44{1H. m).

28(28-d)

IH-NMR {400MHz. CDCL13) : & ppa:

L.44(18H. s), L[.50-1.60(20, m), 2.01-2.10(2H, m), 2.2i(1H, d. J=14.1Hz), 2.27(1H. d. J=14. THz).
2.45-2. 60(3H. m). 2.78-2.92(IH, m), 3.00-3.07(1H m), 3.33(1H dd, J=6.1. 13.9Hz). 3.41(1H. dd.
J=6.4. 13.9Hz). 4.52(IH . J=6.3Hz). 4.63(1H i, J=6.3Hz), 4.9°-5.03(IH, m).

28 (28-¢)

1H-NMR {400MHz, CD30D) :§ ppm: .
L.50(IH, dd, J=7.4. 12.1Hz}, 2.03-2. 16(2H m), 2.44~2.61(FH, m), 2.81-2.92{1H. m). 3.15(1H. 4,
J=12.9Hz), 3.20{1H, d, J=12.9Hz}). 3.10-3.17(1H, m), 4.50(1H t. J=6.3Hz). 4.64(IH. t. J=6.3Hz),
5. 4673, 53(1H, m).

IR (§Br) @ em-1:1627, 1364, 1524, 1398, 1382

MS (FAB) : miz @ 228 (M¢H)+,

Anal. caled for CIZHISNFO2: C. 63.42: H, 7.98: X. 6. 16; F, 8. 36: Found: C, 62.85; H. 8.04: N, 6.22:
F. B.38.




6 0.90 (3H. t. J = 7.4 Hz). 1.35-1.42 (1H m. 1.55
(IH, dd. J =6.7, 13.7 HZ). 1.72 (1H, ddd, J = 2. 7.
S . 1.83 (111, dd, J:7 S. 122. 1Hz) 2.46 (2H. s),
2. 677-2.75 (111, 295gg H W 3.12-3.25

(]\In) 570572(1H m, 6578(1Hn) ‘NS (El)

m z: 209(M+) Anal . Cal cd for CI12Hi9NO2: C 68.87: H
15 N 6.69: Found: C 68.52: H 9.24: N 6.68. IR

T%*?Jf?

leém1: 2958, 2641, 1621, 1511. 723. 191 - [Table

17] 42 (42''-a) 1HiOR (CDC13, 400 Miz) : S 2.05

29(2%Had, | CHENMR (db0Mz, ZEDC1Y .- 6 Tpdu D1 323, s¥. 1. 668 /. (@3 miOR, 063020 (28 w2252 (K d.,
(I H HidfePiz) 259 AR0d. J36.98), 480 GH.Hg )7 1B, 447 2158 ¥BHu2) M. 50 (m. 4,
L,2X PBl‘\APY‘%wSr ﬁlﬂm ’2 22 OR_.m) . 3 80-3.95 (4H ).
2922%—‘5‘

0 2.25-2. 33 (1H,
b “zo@ %& Jppm 3 ;sg% %_06“ g‘&l—lf) 2.7652. 85@u (2:) 6iaP2 Uk ),

29(2d-la|>
3. 81

NIR (O0VHD 20@ 3)0% opek $1ajorVisomess - Fal S U‘P’(SH,"!} 2.22-2.97 (1H w.
859972 )., 2.189- 2,95(1166.}J5 68, 35 418(‘42& €‘5)3 deHiuNYR 5 (13 5. 40-5. 50

400 M-‘Iﬁ)“*) ’8“"2“@'@’&111% O eel 1. 73 Gt ¢, B16-B27 A, 12 297-biB) (21 w, 2. 78-2.85

2. 21

E550 ST dll m), &@L-H S HH w5 Ajpp 42050 @0 DA9FOF0 (1R 1xA),

299%& 3! F?%m N%% ’9H8§ﬁ %35‘8 Hgﬂzigl 903(3}35)9? 12 (1K, dd,
él 1.1hFD (1H, d.
e i “g 5”}# "‘EW%L n&yﬁmz d)%% 13*(2%%&1%? oo vt &

dd. U= i), 2, 56(1}8
29Mb-ey ) B, 140) «afcomsorrer : S1.45 OR s). 2Z2.40-2746 (IH
n . 7m-mgzoguuz 0080 2 [§), po}. 53 QM. GG 130 .05 9]l K, 75 ridH. <, 3713Bz) ( A bd-2. 17 (21,
ddt . 1H7d 3 mszuz)6 2 4 '8 59 (. 2.56 gxg 43;=g@9 ;1|a|e4 qu@ J=6. BHz)
11-5 1&(1 5J 1§ ﬁ;} $ 54 (1R, s).
29107 | 55 & 1396} uss 1024, 680. 603.
6. 667 ﬁ @,@) (n,lH IQMHn ﬂﬁ@tua)l SOomner .
2. 40} @a5albPbr cm)L;zNo:zZ B5w &: 168 7§ hH. f.m found c96- . 95m (823 x. 7.11
3on) uﬂagx(xbomz 6Ndoy: 1.05.(H1 <511 #z) 2Ht (9A) 5), D4BB10aB R, 1.97-2.05
H- ,brfahg) 2 955(156d61 BOHP 1 H3S (HL. ¢, 42U ARD- BI3-2.51 (1K,
1H Nng m;gé)a; WHz§ %2 @ 194 SR QY. 0.1 5.455. 5 4 o
- BE Hy=ae) +|\)‘ 34— +-H—ddd—J=2.9
31\J.|_| ,1.;_ IJ- Loz (I o (T \a~ T
8. 8, ]Q&Iﬁ 2 48 ulogH. s) 2. 63 (1H, dd, J = 7. 3.
16. 1 <40@m92t+):{am98 kedH QY <. 3= B3 .1.35 b 1k, 906, 1461882 08 (111 4,
(IF. lﬁeFHZ)J2 16=2. 201(317 nH2)46-2.56 &4, Q1HS7 ti. odine JA715Hd. Bl2d-2. 180K w, 328
15-5 (l_ﬂLgd 32‘|31Whj° Bl 4. (FHH2 5. H) (1L @, G4 8)LH. 35dE45 @K =). 7.80-7.85
10. : Il‘;ﬁ} 31%290%3 2;2 Jgi_" W ngf Cl:ltjlg:ll%éa f&qao u|\1/¢|1_|z 12120 1164, 1123,
1019 730
MS (FAB+) : m/z : 210 {freetf)=. (FAB-) : mfr : 157 (bensensulfonic acid—H)-.
-Anal. caled for CIBH25NO5S: C, 58.83: H, 6.86: K. 3.81: S, 8.73: Found C, 58.69: H, 6.91: N. 3.99:
5. 8.73. :
32(32-a) | 1H-NMR(400MHz, CDC13) : & ppm:2.06-2.31 (2H, m). 2.82-2.87 (2H, w), 3. 11-3.15 (2, m). 3.65 (3N
s). 5.59-5.61 (1H, m).
32(32-b) | 1H-NMR(400MHz. CDC13) : ¢ ppo:l.94—2. 03 (2H, m), 2.656-2.75 (45, m). 1.00-4. 02 (21 =), 5. 31-3. 35
(1L m.
32(32-c) | 1H-NMR(400MHz.CDC13) : & ppm:l.81-2.05 (6H. m).3.59 (2H. t, J=7. IHz), 3.73-3. 77 (3K, m). 5.03-35. 07
2H, m). 5.88-5.95 (1H, m).
32(32-d) | 1H-MR(400MHz, CDC13) : & ppmil.66 (1H, dd. J=i.2, 14.0Hz). 1.82-1.88 (4H m), L. 94-2.08 (3. m),
2.42-2.44 (ZH, w), 2.67 (1H. d. J=3.9Hz), 3.70 (3H s). 4.02-4.07 (IH, w). 5. 11-5.14 CH m).
5.94 (1H. dd, J=10.3, 17.6Hz). '
S (FAB) @ m/z : 199 (M3H) <.
32(32-e) | H-MR(400MHz. CDC13) : 6 ppm: 1.70 (IH, dd. J=3.9, 14.8Hz), L 82-2.11 (70, m ). 2.46-2.50 (ZA.
w,4.04-4.10 (14, m), 5.13-5.17 (2H, m). 5.95 (1K, dd. J=10.2. 1T.GHz) .
US (FAB) : mrz :185 O#+H)+. 207 (:Na) <.
32(32-f) | 1H-NMR{400MHz, CDCl13) : & ppu: Major isomer L. 45 (SH. s), L. 79-2. 19 (7H, m), 2.68-2.76 {(1H. m}.
2.78-2.89 (1, m), 23.10-3.18 (1K wm), 3.85-3.87 (1H. m), 5.36-5.9] (3. u) :
Winor isomer 1.47 (SH. s). 1.79-2.19 (7H, m}, 2.49-2.54 (1, m), 2.68-".76 (2H. m), 4.26-4. 10 (1R,
m, 5.36-5.91 (3 m).
MS (FAB) : m/z : 247 (M+H) <. 285 OHK) -
32(32-g) | IH-NMR(400MHz, CDCL3) : & ppm:1.45 (9H, s), L.57 (IR dd, J=7.6, 12.9Hz). L. 76-2.05 Gh.m). 2 15

(1H, ddd, J=2.7, 9.0, 12.9Hz), 2.42 (24, s), 2.80 (1K q, J=7.8Hz). 3.25 (IH. 4. 7. 8hz}, 4.75 (1R,
d. j=1L.BHz), 4.85 (1 d, J=IL.SHz), 5.52 (IH, dd, J=2.4. 5.5Hz), 6.0 (1H. d. J=5.5Hz).

¥S (FAB) : m/z : 308 (M#H) -+, 346 (M+K) +




6 1.44 OR, s), 1.44-1.48 (1H, m, 2.01 (IH ddd, J =
2.4, S.6. 12. 1 Hz). 2.24 (IH d. J = 14.1 Hz),
2.24-2.29 OR nm, 2.31 OR, d. J = 14. 1 Hz), 2.
56-2.63 (1H m, 278286f _n), ? 88 (2H, s)
3.01-3.08 (111. a) 5. 10-5.14 (211, m, 5.77-5.78
(1H m, 6.66 (1Hdd. J = 10.2. 17.6 Hz). 42(42-9)
I.HNIR (030D, 400 MHz) : 6 1.51 (1H, dd, J = 7.4,
[Tab2.s5 147), 2.20 (111, ddd, J = 2. 7, 8.6. 12.5 Hz),
'2.30-2.34 (1H, m. 2.37 OR s), 2.51 {2H, s), 2.63
2 Q7LD T weld 1sodiooe ~ + S, 16. 4 Hz), 2. 91-2.99 (ITH T,
3. 22-18R oo Heosow) : 8 Jpgd L sz (1A Hid ok7.7) 12483 .135+0) (m3m3G. 40 (i, 4,
( 1H.| jeps. 1) 2 4513%&3“-& J6. IHQ‘; 24(5315 2un( 249 Blizy) 3. 153 GOW( DH.3. tlyras, 4.
s), :Hq 3233, 211:41 63 (LK, aszuz) -;102315( Qi J=0ch, 5.FHz).
2 s %;Sé;)j?iz%g :Eg gm 1?_5 1510 (944Z4Sh) VR
183-|1.86. Qlcdl&flcwﬁwoé@&@& &4@(3:; M‘%)s" ﬁunlc.48y.& dH s0dd. 6 g
33(33-9) /). 1R U@k, €821B) : &2 ppnh I63(. I 2, Q. 721 B (@, ), 2. &bz 46LFh L), 2. 76-2.79
Hz) | (P 7 360 J3H (o) 14801982 (B O (2H_ S), 2. 60 (1H. dd. J
=G 4 ;—weW%lﬁ> 2 90197 (B e 8 (LY B e
LAY ) ( }#
33 (3%¢) s00z . T0C13 p \1’4 X ‘1‘59-\1 "’( m) ‘( =7. 2Hz),
Hz) , 4596'%2)252}112) t b‘lalﬂ 'f; g(-?l?rs ?LEL )’aHG 6736(; Ef ud;
33Js-3 [l 100wl 7 coor3HZ) ppmNbo—Q AR, & rrm-z 26 K% A4 =7 50, 2. 70
Anal |. 3iCa). ctl 1Fots (@ DHEPNUDZ; JT. 8. 547 (11 8 =20/ 12)Ns5.86 (1 @, J=10.7
Found -2 68.74: HS. 10: N6.76. IF. (kBr): cm1:
2207 i 0 et 8013 N
I 4 . K f mJ R
?CBC ,J 14&6“1\{% (w 3:@1 88 P ’ddfj'j;? i dga” d
Lﬁtﬁﬁa) A2z 9 1delzaes) - 22ﬁ0w—9a.)36 (1H . 2.49-=.55 (11,
33@3—;) 1&«'@@0@1 68c31 14 ppmn;amr 2s0962: x(iel\bﬂdebt 143176 @i, 4), 2/704.58 (2K, m),
10 4 e SRS 3T ;%t"”s @"”’ﬁ&%j% “9;;6' PR P AN
02 (JEE @g-—s 5 (114254 s 6 (mzn;) 3 b %) 3%4 b PR
( CDULE, 00, MH2), e VB ; 0728 R "), 1.45
33GEE, 18-)1%(4&%&9@&13% bdeL 37ni]66 (aﬁ.- nébx.éo (é}# X 1 (fVad, J=s.0, 12.92). 2,07
2. 80- 4R 486 JA.1. Bs, 17)sHz) 22 F128.s002 s4{zldel, tum, 337-8%s (A Hb), 4.75 (14, 4
ddt. JjiL-dizy 4.5 (19 df I= lmizm aJ-“r?\(IH @d oiﬁaﬂ a(ﬁu( m: ﬂmd J=5. SHiz).
o 05 B
' D P 146 21, 44 d, -—iﬁ.ahz) 2,49
6 0.2 1653z hsﬁ%@gg sﬁzl2 ggiﬁ A&& ﬁ#itg g%; ujﬁ = 1),
2. 51-92005(7; (@113 0, 5o 21&7;5 éJzz'Lkwm ?
n) , WIR3MBe4: 42: (3dk, 3448) 30262840~ BeBI55. 1H11 m)0a a1 Ere5.74:8
(1H, ‘ﬁ)‘FAB)43'(~43-?,5 Q6. N_I\/R (CDC.13. 500 WMHz): 5 1.45 OR
Mn\ = Azﬂcﬂl,fp” )UW C 4G.> féaﬁcﬂg L) 331;_?9\ Floﬂﬂd C’)M H,381¢ ?Hq?g& )
MY oAb il 00, e, o “hfﬂéﬁ( 33 9% bs
s), 21512 6.8ds, oQihe 13,571 @)l 5. 05(13 a. 16174, HZH)L) 54 8, 17.
(1H. | #¥). 3. 08 (1H. s).
34(34-d) | 1H-NMR(500MHz. CDC13) :6 ppm: E/Z mixture 1.48 (isomerA9H, s), 1.52 (isomerB9H, s). 1.77-l.83
(1, @, 1.90-2.23 (6H m). 2.45-2.72 (2H. m), 2.91-2.99 (isomerBIH+IH, m). 3.00-3.06 (I m),
3.32 (isomerAlH. ddt, J=8.8, 19.0, 2 9Hz). 3.90 (isomerAlH, br), 4.33 (isomerBIH, br), 5.24
{isomerill, br}, 5.38 {isomerBIH br), 5.455.48 {isomerBiH, m), 5.48-5.51 (isomerAtH, m).
34(34-¢) | IH-NMR(300MHz, CDC!3) : % ppm’ .49 (9H, s}, 1.79-1.89 (IH, m), 1.92-2.23 (6H. m), 2.33 (1K, dde,
J=2.9. 8.8, 12.7Hz), 2.46-2.54 (3K m), 2.90 {IH. quint, J=7.3Hz). 3.01-3.09 (1H. m), 2.25 (IH
br). 4.78 (1K d. J=12.2Hz), 4.88 (1B d. J=12 2Hz). 5.28 (IH, br).
34(34-f) | IH-MR(400Mtz, CDCI3) : & ppm: 1.33-1.42 (10K m), L.73-1.80 (IR m). L B5-1.99 (5H. m, 2. 04-Z. I5
(%4, w), 2.21 (18, 4. J=I3.7Hz}, 2,28 (1H, d. J=13.THz). 2.40 (IH, ddd. J=1.2. 7.8. 16.4Hz). 2,70
(14, quint. J=7.BHz). 2.81 (2H. g}, 2.91 (H. br), 2.95-3.02 (IH m). 532 (iH. br).
34(34-g) | Mp. 157-158°C:
IH-8R(500MHz, CD30D) : & ppm: 1.50 (1H. dd. J=7.8. 12.2Hz), 1.83-2.20 (8 m), 2.45-2.50 (IH
w, 2.52 (2H. d. J=1.9Hz), 2.89 (IH. quint. J=7.8Hz), 3.08 (1K quint. J=5.3Hz), 3.1¢ (1K br),
3.17 (IH d, J=12.7Hz), 3.21 (I, d. J=12.7Hz}, 5.40 (1H, br).
IR (KCD) : om-1: 1616. 1503, 1395.
uS (ES1+) : miz @ 2T40RE)~ . 2580MNad+ , 2360+ _
HRMS(ESI+) calcd for (M + H)+! 256, 14700. Found 258. 14669 (0.31 mm).
35(35-a) | LH-MR(400MHz, CDC13) : 9§ ppm: E/Zmixture 1.02-1.09 (3K, m). 2.14-2.26 (41 m), 2. 6! (isomerA2H,

q. J=7.4Hz), 2.68 (isomerB2H, dd, j=7.4, B.2ZHz), 3.67 (3H, s). 4.92-5.07 (24, m), 5.6! (isomerAlH,

s), 5.64 (isowerBlH, s). 5.73-5.89 (IH. m).




3. 37-

(ur,
[ Tab
(9H,
6, 1

3. 38 (1H, it), 1.77 (1H, d, J = 11.7 Hz) . 4.82
d, J =11.7 Hz). 6.04-6.05 (IF. m. - 192 -

le 18] 43(43-d) |1l NVR (CDC13. 400 Mz): b 1.44
s), 1.49-1.5.4 (1H m, 2. 02 (14 ddd, J = 2.4. S,
2.6 Hz). 2.25 (1H. d, J*£°17Z. 1 Hz), 2.25-2.31

(1H m. 2.32 (1H d, J = 14.1 Hz), 2.69 (11. ddt, J =
2.4, 7.8, 16.0 Hz), 2.76-2.82 (IF., m, 2.86 M s),
(T@DS8 [4H, s), 3.06-3. 11 (1H, m, 6.19-6.21 (1H, M.
43(43-e) 1H NVR (CD30D, 400 WMHz): S 1.58 (1H, dd, J =
3SP5LIS] 1R (50@z, HszCB)Z é2@nm( Efel.middd, 1 4 @8 2, 477.880,62.28233 BE w. z.66
Hz) , 2%298“2 a3 {=7:® <zso«2r82ﬂ37 IF3%Y,, 4. 995,13 26 ), (BHGs@IAL. 9,
35?35_%9 5 {1, (Isome 3.1ﬂ- 9) .';37’9— W.o 1p 4~ I—I7\ 2 RQ 2 97 (l H

3. 35

R L S ey e

c(dEI.Hszd 18.d, =adi3.33s ) o) 354801k 1&]?‘) sS ,( Q‘B 2§a 20, 3480

(T,

WNR (PR3 coc(3PH: peh: 1. 08 1. 8. 27.Bl). 1.46 79&75()) Vbs (iﬁ. ad) J=F. 312, THz)

1525
of th
of ¢
g of
t hen

2 Hz) -84 ((W3wf 20 (G A 186'(1@ difl. =N SR, (.CB30D30 00, J=17. 1h2),
MHz) 2 saEX sghﬁamég ngmzjn 157 ey 32§73 35 (. 482(1&11 J(:u..ppz 4.95 (1K,
FEn:CIon m-mmem cﬁém?ra D! ?ogi?'ﬁx) T, ?T%Q %4%‘@ # ? UH, dcf‘;'ée 12. 2H1),
(2H, | 597;1.68. (ﬁém)( 1k il 1 4=0.2. Bazn; 09~'> 6. E‘Zi‘lag (uL d, J=13. TH2),
2. 88,:230913 o, (JEik THaiT)2, 493, 58 L6 of 135 @b, qulm—}—iﬂﬂz\? 2HE Yo, 3. 2. @2:e7 (1
%LH , SPAAINg 9). 7 H7\ q 22-13 ?6 (1H ni 3.42 (1H S).
R G5 Ry
ca ool SRR Hieilakls Shnes
69. 0Dz, ssHhs/ odQ; j-Nahy. B 67-3. 01 @M )z 19Qﬂi* 2@9&?

d. 1—13 2Hz2}, :161
(1!1397 1063, 665. [0152 (Prepar atl on Exan'p e) 59

mhdﬁzé)fl%xaﬁbli@ﬁﬂw“ geps. | act ose, 34 g
.(‘SE;E} calzgl’} Hd:l) 9?0 éétouaml: q(bg l l U Se, and |

APBGRE R B Stbze A e é,'zagsoﬂ ‘sgﬂﬁ%fg@;”‘}! 6.85;
0.aenpressed usi ng a tabl et| ng machl ne fo obtain a.

36t abl
cal c
to h
prep
menb
expr

e!tp 98-5[9‘0153] (Test Exanpl e Construction of human

3( @ 613 s@ilpemi t a261 hereilhnafter lir eferrls)d 0 o
6 ')

i NS JenC, B o ?&?h 20 Sifige BniEe oo o

od at- |301rh2)0 i B (1 %a!' = 13,2 ). 3.68 (k.

rane farzact ised (@) s)Oonst ruct s on of hurmn cnazd

agzgxp@ncmpxl amwp @43, 1246

MS(ESI+): m/2: 226 (4 + H)+.

HRMS(ESI+): caled for (M ¢ H)+:-226, 14432, Found 226. 14259 (~1. 72 mmu).

Anal. caled for CI2H20NO3CL: C, 55.06; H. 7.70; X, 5.35; 0, 18.34: Cl. 13.54 Found C. 53.67: K.
7.71: N, 5.36: 0. 18.09: Cl, 13.50.

37

Mp. 167-169C:

IH-NMR(S00MHz. CDCI3) : 6 pom: L. 14 (3H. ¢, J=T7.3Hz), 154 (1N, dd, J=7.3, 117 Hz), 2.06-2. 14
(2H, m}), 2.20 (14, g J = 7.3 Hz), 2.54 (lﬂ. dd. J = 7.3, 1.1 Hz), 2271 (1H, d, J = 15.6 Hz).
2.81 (1K, d, J=15.6 Hz). 2.95 (24, s), 2.96 (IH. m), 3.04 (14, br), 5.42 (4 s).

MS(ESI+) : m/z © 254 (M + 2Na -H)+, 232 (M + Na)+, 210 O + H)+

HRMS (ESI+) calcd for (M + H)+: 210.14940. Found 210. 14842 (-0.98 mmy),

Anal.calcd for CIZHISNOZ: C. 68.87; H. 9.15: X, 6.69: 0, 15.29. Found C, 67.32; H. 9.05: N. 6.53:
0. 16.30.

38(38-a)

IH-NMR(400MHz, CDCI3) : & ppm' E/Z mixture 1.31 {isomerB3H, s). 1.31 (isomerA3H, s). L 46
(isomerASH, ¢, J=1.2Hz), 1.49 (isowerB9H. d. J=0.8Hz), 2.34-2.50 (24 m), 2 54 (isomerBlH, dt,
J=17.6. 2.7Hz}, 2.67 (isomerBIH, dt. J=I7.6. 2.7Hz), 2.91 (isomerAlH, d:, J=18.0, 2.3Hz), 2.93
(isomerAlH, dt, J=18.0, 2.3Hz), 3.45 (isomerAl, br), 3.87 (ismerBlH, br), 5.53-5.55 {isomerBIL.
m), 5.57-5.61 (isomerAlH. m), 5.57-5.60 (isomerB2H. m), 5.74-5. 82 {isomerA®H, m).

38{386-b)

LH-NMR(5008Hz, CDC13) : & ppm: 1.31 (isomerB3H, s), 1.35 {isomerA3H. s}, 1.45 (isomerA9H, s), 1.46
(isomerBOH, s}, 1.73 (isomerBIH. d. J=13.2Hz). 1.86 {isomerAlH, d. J=13.2Hz). 1.94 (isomerall.
dd, J=2.0, 13.2Hz), 2.10 {isomerBIH, dd, J=2.4, 13.2Hz}, 2.24-2.38 (2K, m, 2.47 (isomerAZH, s),
2.75 (isowerB2H. s), 2.86 (isomerBlH, br), 2.89 (isomerAlH. br), 4.35 (isomeralfl. d. J=I2.THz).
4.62 (isomerAlll, d, J=12.7Hz), 4.8] (isomerBiH, d, J=ll.THz), 4.94 {isomerBiH, d, J=11.7Hz), 5.06
(isomerAlH. dt, J=7.8, 2.4Hz), 5.72 (isomerBIH. dt. J=7.8, 2.4Hz), 5.90 {isomerilH, dq, J=7.8,
2.0Hz)., 5.92 (isomerBiH., dgq. J=7.8, 2. OHz).

38(38—c)

1H-MOR (500MHz. CDC13) : & ppm: 1.29 (isomerA3H. s}. 1.3} (isomerB3H. s}, 1.44 (isomerA9H. s). L.46
(isomerBSH. s), (.57 (isomerBIH, ¢, J=12.2Hz), 1.67 {isomerAll, & J=12. 24z}, 1.76 (isomerAlH,
d, J=12. 2Hz), 1.90 (isomerBlH, d, j=12. 2Hz}, 2. 19-2.35 {ZH+isomerAZH. e}, 2.55-2.77 (1H+isomerB4H,
m). 2.92 (isomerAlH, d, J=13.2Hz), 2.94 (isowerAlH. d. J=13.2Hz}, 5.70 (1H, br). 5.82-5.83 (I
m).




pRK/ hCacna2dl a-1'" Preparation of DNA fragnent The
human Cacna2dl gene was obtained as two fragnents,
the first half and second half fragnents. PCR . was
performed wusing a cDNA Ilbﬁggy (QUI CK- Cl one cDNA
Human Brain (C ontech 193 oratories, Inc.)) as a
tenplate and an enzyme KCD pol ynerase (TOYOBO CO. ,
TD.). according to -the protocol provided for this
T%‘}ﬁ/rﬂé PCR primers used were, for the first half"
fragment, primers having the foll ow ng sequences:

3s@s—u)rrafp Ii-118Cs agct gcggcc gctagcacca ccatgygctyy

Ct gCCHguR gt <38 (685@ L 33XiBdrasl) 5). anel (fbobBBS 321,71 (isomerll, d,
5' -at ¥l b ‘at"!‘ 1” é“&ﬁ ab@ch@@rAQiSEQJ41&ihD° 22,23 (isomerB1H,
and fYrZf) 8 e 'Ijaﬁ

f ol | owi;fig GHz CWQ; 3'1?(13 (JsomerA d. J=12. 9Hz).
act - [ geasais <mga>t Qs 3mou(a§ aadD ;@ 3. 5. 9ﬂzﬁnsd93 %‘c-id =2.0, 3.3,
5' - api#ggat cc tcataacagc cgg- gt gtgc tg-3' ( E

4) pu’erF?a)sedﬂf rléﬁﬁn BPEGWRR".GENOSYS. The PCR reacti on was
per f gPpE 1o B gh‘agﬁ@ - f 3§§¥+2’ﬁ7§l*f Hrgee oMdnal f

1 agPENt 1 Ak B0t %rggi U CERSATRPER System

% G\Ez% 24 3fra- I‘lg(lmlfllhhg;) t?hé? élsomer[nizlg
Smr iy i 150meT!
géra\l‘s al...g

_c;m

39 BFO0 (WP IchcET 4N BS Vo § lhers: | ”b ) ) nrou
i nvol ving (heati ng7 ate) I4G. $:106. 54 . T=RWLL), 11HRNsE3D) and 149 (.50 <),
t her 151 le Glﬂes‘ 2O4C 3 . D5 2g8e.5] 1600, £.61-2 B0(H, SP.C3. g5-d3do. 51, m)
68C | Bl 2CF PG Lt F6BCf 5 4Griorfiit Bs 55956 © 55 w and

(0)
capd %4‘54-33( o~ e g Fhese—two—Feaction products were

g 1
SQSUF)| éﬁau !an P-%pgr aﬂr@l“k?tzﬂ RUELEi Mm{'m (5t9}1 I— 7.4 H2), 1.44

(Mn El~utse 2RGHs RUTH Y &t k0. &1 . 2. H6h, 2. 44249
t o t hetpd.ot scoi? (el uadeset. d7nw i, s3. ¢s+3tlz w.Fhe ahtsaw.ed (0.4H. w and

firsts Pi’a"1 ¥ ¢ P*hqhe*rﬁl ‘vt ddif géBt Bedl ami4tTh (@3H d. J = 12.1 Hz) and 4.81 (0.3H.
d J=1L.7Hz). 176 (0.4H, d. J =121 Hz) and 4.92 (0.3H, d, J = 11.7 Hz) and 4.98 (0.3, d,

J = 12,1 H2). 5.65-5.69 (0.6H) and 5.71-5.74 {0.4H), 5.90-5.96 (IH, m).
1H MR (CDC13. 400 MHZ) Two major isomers:

6 0.89 (L.8H ' d, J=7.8Hz) and 0.99 (1.2H, d. J="7.4 Hz). 1.42-1.47 (19K, m), 2.04-2.17 UR
), 2.26-2.36 (BH, m), 2.40-2.47 (ZH, m), 2.97-3.03 (m m), 3.18~3.22 (0.4H. m) 3.31 {Q.6H
T. J=11.3. 13.7 Hz), 3.40-3.54 (I, m), 4.89 (0.4H, br s} and 5.0! {0.6H, br s). 5. Ti-5.86 (2H

39(39-¢)

39(39-d) IH MR (CD30D, 400 MHz): Two major isomers :

6 0.99 {L.5H. d. J=7.8Hz) and 1.03 (L.5H, 4, J = 7.0 Hz). 1.81-1.92 (0.5H, m) and
(0.5H m), 2.26-2.51 (44, m}, 2.64-2.75 ({1H. m), 2.94-2.99 (1K, m), 3.08-2.24 (24, m).
(1, m), 5.88-5.95 (1H, m).

MS (ED): m/fz: 195 (M+).

Anal. Calcd for CLIHIZNOZ: C 67.66: H 8.78: N 7.17: Found: C 67.00: H 8.83: N 7. 18
IR {KBr): cm-1: 2951, 2651, 1628, 1540, 1399. 652.

40(40-a) | 1H MR (CDC13, 400 MHz):

6 1.08 {3H. 1, J=7.4 H), 1.46 (9K, s). 1.51-1.58 (iK. o, 1.92-2.04 (2H, w). 2.1 3H g J
7.4 Hz), 2.31 (1H, d. J =141 Hz), 2.39 (14, d, J=14.1Hz), 2.47 (IH, dd. J = 7.8, 16.4 Hz),

{
2.76-2.84 (14, m), 2.98-3.03 (1H, mw), 3.32 (14, dd, J=6.3. 14.5 Hz), 3.47 (14 dd, J=6.3, 14.5
Hz). 2.72 (1H. br s), 5.31-3.33 (IH, m).

40(40-b) | IH NMR (CDC13, 400 MHz):

: 5 1.08 (3K t, J=7.4He). 1.46-1.47 (IH m). 1.47 (SH, s), 1.98-2.00 (IH, m). 2.02-2.04 (IH
o, 2.09-2.16 (2H, m), 2.32-2.38 (I1H, m), 2.43~2.49 {2H. m), 2.79-2.83 (IH, m), 3.02 (3H, s),
3.18-3.20 (1H. m). 3.35-3.44 (UK, m). 3.64-3.72 (M. m). 5.32-5.34 (IH. w).

13-2.20
77-3.81

e ta
Dyl |

40(40-c) | Mp. 177-179 of.

1H NMR (CD30D, 400 MHz):

& L1l (QH t. J=T.4Ha), L.51 (1M, dd. J = 7.4, 12.5 Hz), 2.08-2.12 (1M, m), 2.15-2.21 {34,
w, 2.50-2.56 (1H, m), 2.54 (2H, ), 2.77 (3H, s). 2.87-2.95 (IH, m), 3.14-3.19 (18, m). 3.35 (1K,
d, J =129 Hz). 3.40 (IH. 4, J = 12.9 Hz}, 5.30-5.33 (1H. m).

MS (FAB): m/z: 224 (M{free) + H)+.

Anal. Calcd for C13H2ZNO2C1: C 60.11: H 8.54: N 5.39: C) 13.65; Found: C 58.70: H 8.43; ¥ 5.32:
Cl 15.67.

IR (KBr): cm1: 2965, 1714. 1467. 120B. 1020, 78%.

41{41-a) | 14 MR (CDC13, 400 MHz):
5 0.04 (6H, s), 0.87 {3H. t. J=7.4Hz). 0.8%9 (9K s}, 1.17-1.30 {IH, m). L. 51-1.50 {IH. m),

2.03-2.11 (H, m). 3.49 (1K dd, ] =6.3, 9.8 Hz), 2.53 (1K, d4d, ] = 6.3. 9.8 Hz}, 5.00-5.03 (1H.
w), 5.05-5.06 (IH m). 5.57-5.66 (1H m).




restriction enzyme Not= (TOYOBO CO. , LT'D.) . The
second :gal= fragnment was digested with restriction
enzymes Clal (TOYOBO 194 CO., LTD.) and BanH (TOYOBO
CO, LTD.). Subsequently, _ Egg fragnents were
purified using a reaction p uct purification ki t
(MniElute Reaction Ceanup Kit (Q AGEN)) according to
the protocol included in this kit. [0155] a-2)
Téliﬂeﬁpa}%ll on of vector The nulticloning site _
ereinafter rpfprrpd to as MCS) of an exoreSS| on

‘“WS'E’ d BD Pha=ni ng en
chatn fm@ﬁ% g ‘Q&%m) (Zyeg;?b H?)E! -@%ge,ﬂl_ L 51 (IH. m). 2.03-2.12
eCI

_C m) D
(STFATrAGENE)ls oD, ergemrsz 8 VL0 a?r Py R - &8t

11486 |tneat @diwsdhhus esTri Ct1 on enzynes O al (TOYOBO €O,
LTD.|) ¢ &88 F nd3 1 MYCBO 1. 30, ml TEe-}.5 andn botshzthanemdso-2 27
of t|hilis 2DNASRSF At Heh %ot 0@l nend®d Qditing . Kis2ibw, J = 15.6 Ha), 7. 03

PIPN R  N T f’cﬂzb FNC)—Bot-h of these ends were

A9
‘“?u?t j?lmaégggosphor _ylat ed u3| ng calf intestine

al kal ¢ nes pdos phat a&e { Ber RiBak) els reterred st Quag, » si-c6 an
CLAR;m, FRIGARAIBD 3 NG, 32)(14, and. sk ﬂma@nenk—s\aasmthem 57-5.63 (IH,
pur i f"'i)’ef:l“u%i“n‘gﬂ mM n| El ute Reaction O eanup Ki t

(Q AC%'SD mé{‘ J 1”5 o £ AL 4%C{9HDI\!A 46-3.4 . 2.65-2.68 (1.
el ecit 0 msm.z B;{ b @0af, O5K-108 éft o {'ﬁg N 565

el ectni)ophaea“asaus,m)the gel was stal ne W|th et

4lbr-e)mildeﬂm W@nma\nm::md portion corresponding to

aIOIO 3;3?6 W;?ai (separ at ed und:sroégtyr“ﬁ o 20 (i, ot
irra c'EQ) 2
t her gffsqm 3:,93' Dg amgé{ 85 %}g f I plr f‘ié’: “bﬁ“) L : quf“‘m)m)
(M Nl ot t sG] EXTTACT] On K Cﬁ‘:‘FN) acecordinig to

t he |pf ot8dEW! i het.wded Lispi.hii Ju t.a5 of. 01568 10 @bt aw 291,
DNA ffir ettt Jciri 88p8idPng 14 Gt tshe ®MZI0 OF. w Bt CI P 2.95-3. 03
2, E»B‘i“_b'_gs cr Lﬁ&iﬁ”’mﬁs A5 é‘&t od WetSHZr d$t fifct o2 Sdnz ABE 62 (K

o 1T re—Ker—FOYOBO-CO. LTD.)
1189 | W MR (e, SOz & TP ) H—KpHr— 7 =TT
195 Major isomer : ’
6 .83 (3H. ¢, J=17T.3 Hz). 1.17-1.22 (1K, m). 1.24-1.31 (i, m). L 43 (9H, s). 1.44-1,48 (1H,

m, 1.95 (iH, ddd J 2.9, 8.8, 12.2Hz), 2.22 (M4, d, J=13.THz), 2.29 (14, d. J = 13.7 Hz),
2.29-2.32 (14, m). 2.37-2.42 (1K m), 2.87 (24, s), 2.95-2.99 {14, m), 5.77-5.79 (1H. m), 5.85-5.86
(11, m).

Minor isomer:

6 0.87 (3H, t, J= 7.3 Hz), 1.24-1.31 (IH, mw), 1.43 {9H, s). 1.48~1.54 (IH. m), 1.61 (1K, ddd.
J=2.8, 83, 12.2 Hz), L.75 (IH, dd. J = 7.8, 12.2H2), 2.22 (4. d, J = 13.7 Hz), 2.29 (1K, d,
J = 13.7 Hz}, 2.29-2.32 (IR, m), 2.53-2.59 (1H, m), 2.67-2.71 (IH, m). 2.88 (2H, s). 5.69-5.74
(2H, m).

41{41-g) | 14 NMR (CD30D, 400 MHz):
. Major isomer :

5 0. 85 (3H. t. J=7.4 Hz), 1.17-1.28 (1H, m), 1.28-1.36 (iH. m}. 1.50 (I1H dd. J=17.4, 12.5
Hz), 2. 15 (1H, ddd, =2 7. 9.0, 12.5 He), 2.33-2.37 (1 m), 2.37 (3K, s), 2.50 (2H, s). 2 53-2, 5@
(1H, m) 3.14-3.18 (IH. w), 3.32 (14, d, J=13.3 He), 3.36 (IH. < J = 13.3 Hz), 5.70-5.72 (1L
m, 5.97-5.98 (14, m), 7.23 {2H. d, J = 7.8 Kz), 7.70 (H 4. J = 7.8 Hz).
Minor isomer:

6 0.91 (3H, t, J=7.4Hz}. 1.36-1.42 (IH. m), 1.56 (IH. dd. J=6.%7 3.7 Hz}. 1.81-1.88 (2H,
m), 2.37 (3H. s}, 2.48 (2K, s), 2. 70-2.77 (1H, m), 2.97~3.04 (1H. m), 2.12-3.19 (2H. m), 3.32-3.35
| (3K m). 5.64~5.66 (14, ), 5.81-5.84 (IH. m). 7.23 (2H. d. J=7.8Hz). 7.70 (2H. d. ] = 7.8 Hz).

41(41-h) | 1H MR (CD30D. 400 MHz):

Major isomer : :

4 0.85 (3H, v, J=T7.4Hz), [.19-1.27 (IH m), 1.27-1.35 (UH, m), 1.48 (iH dd, J=T7.4, 12.%
Hz), 2.05 (IH, ddd, J = 2.7, 9.0, 12.5 Hz), 2.31-2.37 (18, m). 2.47 (2H, s}, 2. 51-2.57 (1f o,
3.12-3.24 (3H. m), 35.76-5.78 (1H m), 5.92-5.93 (1H. m).

Minor isomer: .

5 0.90 (3. t. J= 7.4 Hz). 1.35-1.42 (14, m), L.55 (IH dd J =6.7. 13.7 Hz), 1.72 (1H, ddd.
J=2.7, 8.2 12. 1 Hz), 1.83 (1H, dd, J= 7.8, 1. 1 He), 2.46 (2H s}, 2.67-2.75 (iH, o), 2.95-3.02
(IH, w), 3.12-3.25 (3H, m), 5.70-5.72 (1L m), 5.76-5.78 (1H m).

MS (EI): msz: 209 (M+).

Anal. Calcd for CI12HIONOZ: C 68.87: H 9.15: N 6.69: Found: C 68.52: H 9.24: N 6. 68.

IR (KBr):@ cm—1: 2038, 2641, 1821, 1511, 723.
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both the ends of this DNA were then bl unt-ended
ng Kl enow fragnent (TAKARA BID INC. ). Then, this
ynme-treated DNA was el ectrophoresed on 2. 0%
rose gel. After the elec{yophoresis, the gel was
ined with ethidiumbronide. Then, a band portion
responding to approxi mately 100 bp was separ at ed
er UV irradiation using a razor blade. DNA was

[Tagydter dctled t herefrom using a gel

ext
Ki t
t hi
aI r

raction/purification kit (MniEl ute Gel Extraction
(Q AGEN)) according to the protocol included in
s kit. [0157; The obtained DNA fragnent and the

eady cl eaved pRKS were ligated using a DNA
ontdt (TAKARA BID | NC.) @crnrdl ng to the

4_(51:3533’ "m G R
prot QCols Gl Ujdmﬁ s thes kLo W LD A o‘? E %%U 18.6 Hz).
pr OdUQI .55z, G 4. esQl'ﬁazﬂCQrTEGi—g@zt (1@.64)7 8s 9%5%

2YZID | yH We faecty renefor med to obtain anpiCil_i N-Tesistant
coI

~46:3.50 (1K n

125
42(o_b

ana

oﬁ)l &2 %dﬁ‘e“’qu 4 [ ‘E'bljcrn’i &S MaT BHp ol IPaEs &8, W ahep-T ek
%MRM

cilanﬂi%ia&t ?ULQ' 6.68klsSy. @b &S I WaR aXhagt e ARG.,
| Wz eds-b.66 UL tu5 2 TGIGI @Bt dews&q UBNLE 5.UB4. RO 2HA m) (1H. br s),

equEst B $nhded 2 37062 (Applied Biosystens, lnc.)) to

m@é"ﬁf “?W‘t“ﬂ%s'l“ﬁ“c%ductl on of the MCS sequence in the
PRKSs T 1t G oGRBALEHE ). 3, HEGE OF b M oo €. o WIENLRE o

W
MES

prsormtmr 3653, %1 (MR 5,255, DOk, bacated MRS Heand. & RS, &
déqelence was i ncorporated such that |t vvas

ori e ’t“%! ;’{'ﬁ dovvnst(re m dsﬂrectul on as fol .
ccag qug ot st Ag Tt dht b t?@ﬁé‘égﬁfg@f b Egfadtt ™
ﬁmmmtmwmgm—?—t%ﬁ—

T @0AT al BF (BAL
I D N@ 1-5'»)(91*/\/@3 L4gtesi ghat eds-as: pRIG. SK6s tande a-v.ecd Ona.fm), 2 48
whi ¢Ht fe 2HC8E séqliepéels! 196 9248k Ul rR oF Poratdd=i m mafi < J
or i enyf pf For" BpPosite! { ferefs W ¥ des F R Yttt o I T

12 (-] RDNR |(GcER Sibo g~ 3)  constTuctTonof—ntasni—d
8 1.44 (9H. s). 1.44-1.48 (IH, m), 2.0 (IH ddd, J =2.4, 8.6, 121 Hz), 2.24 {1H. & J= M.1
Hz), 2.24-2.29 (IH, m), 2.31 (18 d, J=14.1Hz}, 2.56-2.63 (1H. m), 2.768-2.86 (iH, m). 2.88 (2K
s), 3.04-3.08 (I m), 5.10-5.14 (2H. m), 5.77-5.76 (IH. m), 6.66 (U1K dd. J = 10.2. 17.6 Hz).

12(42-g) | 1H MR (CD30D, 400 MHz):
5 1.51 (14, dd, J=7.4, 12.5 Hz), 2.20 {IH ddd, J = 2.7, 8.6, 12.5 Hz), 2.30-2.34 (IH m). 2.37
{3, s), 2.51 (24, s}, 2.63 (1M, dd, J =7.8, 16.4 Ha), 2.91-2.99 (1H, m), 3.2°-3.26 (IH, m). 2
(14, d J = 13.3 Hz), 3.36 (IH ¢ J = 13.3 Hz). 5.16-5.21 (34, m), 5.68 (IH. br s). 6.68 (1H
dd, J=11.0. 17.6 Hz), 7.23 (24, d. T= 8.2 Ha), 7.71 (3K d. J = 8.2 Ha).

42442-h) | Mp. 183-185C.
1H MR (CD30D, 400 MHz):
6 1.48 (IH, dd, J=7.4, 12,1 Hz), 2,11 (1B ddd. J=2.7, 86, 12.1 Hz). 2.27-2.32 (1K, m}. 2. 40
(2H. s). 2.60 (1K, dd, J=7.4, 16.0 Hz), 2.90-2.97 (I, . 3.17 (IH, ¢ J = 12.9 Hz). 3.19-2. 24
(14, m), 3.22 (14, d. J=12.9 Hz), 5.12-5.17 (2H, =), 5.75 (I8 br s), 6.67 (1L dd, J = 1L.0C,
17.6 Hz).
MS (FAB): w/z: 208 (¥+H)~.
Anal. Caled fnr CI2HITNO2: C 69.54: H 8.27: N 6.76; Found: C 68.74: H 8.10: N 6.76.
IR (KBr): 1 2005. 2648. 1634. 1525. 1397, 896.

43{43-a) | 1H MR (cucxa. 400 Mfiz)
8 0.19 (88, s). 2,17 (IH, ddd. J = 1.2, 6.7, 12.9 Hz), 2.30-2.36 U1, m. 2.49-2.55 (Ii m).
2.56-2.63 (1M, m), 2.72 (I ddt, J=2.4, 7.8, 16.4 MHz), 2.52-3.57 (I m). 3.81-3.96 (4K m).
6.02 (IH. ddd. J=2.4. 2.4 2.4 Hz).

43(43-b) | I1H MR (CDC13, 400 MHz):
Ma jor isomer :
5 0.20 (9. s), 1.45 (9H, s) 2.39-2.45 (I, m), 2.76-2.78 (1M, m). 2.80-2.86 (1K, m), 2.91-3.00
(1K =), 3.31 (IH, ddt. J =27, 8.6, 18 4 Hz), 3.96-4.01 (14, m). 5.46-5.48 {1, m), 5.94~5.95
(1, m).
Minor isomer:
8 0.20 (9H, s), L.48 (9H, s). 2.38-2.45 (1K, m), 2.51-2.57 (K m), 2.74-2.75 (IH, m). 2.91-3.00
(2H. w). 4.37-4.42 (1K, m), 35.37- 5 9 {IH. m), 6. 16-6.18 (1K m).

43(43-¢) | IH MR (CDCL3, 500 MHz):

6 1.45 (9H, s), 1.64 {1H, dd. J=7.3, 13.2 Hz), 2.29-2.34 (1K w), 2.36 (IH, ddd. J=2.9, 88,
132 Hz), 2.49 (2H, s), 2.72 (1K, ddt, J = 2.4, 8.3, 16.6 Hz), 2.90-2.96 (1H. w. 3.08 (IH. s).
3.37-3.38 (I m), 4.77 (IH d. J = 1L.7 Hz). 4.82 (1L d. J = 11.7 Hz), 6.04-6.05 (1H .




The oRK-SK obtained in paragraph a-2) was treated with
a restriction enzyne Xbal (TOYOBO CO., LTD.), and
both the ends of the DNA were bl unt-ended using
Kl enow fragment (TAKARA BIO ENQ.). The bl unt - ended
DNA was further digested mﬁ%ﬁ a restriction enzyne
Not - (TOYOBO CO., LTD.) and purified in the sane way
as in paragraph a-2). This pRK-SK thus made |i near
[Tembe thel first half DNA fragment of the human Cacna2d
gene obtained in paragraph a-1) were el ectrophoresed
B $0nR aoaE 0 RS —ant—bBNAs—ef—apprexi-rat-ely—4-—7
kbp and; saRRroX1.682t.6l Yinlud 2kPRGEE ; €XLr 86t s EFOMING & 5= 14,
gel and, 2.pf.bif (1€C | D3 (€ oSAMBLWEY, 88 1) BATAAIARR, 16,0 12), 2. 76-2. 82
a- 2) | (Ehe, ebsaemed 3.banouDNAS. sl @ (i gat €t-d. B tihemsanme
13Waye) asi iR (@eagredph: a- 2), and E. co'1 was transtorned
wi t h|tthe {tyadi bhe-Br Baiet . 2- Pr @inddd, & oBainelh) B. 26e0T4(H n), 2.37
cl onest & fi°act & ¥ & thadh elitanl el 280 TG inf 53 20°0.28 (i
nucl o8 e, Sedquence. i dg 4Dty Segadticer® Kipaél oszpci @, 720
43&@”}” hcqspls s . LU 2 B I M iy 2
|ntrodhﬁ&u@@mpgmmggzsequence represented by SEQ I D NO
6 therebnunNaxi s ehe. 0bf al neds Phagmd Was 45 At o o5 (1 . 2.4
W t hi (mest eisekinof.enzy Aes s,deal n(, TR (GCa). 3LEK) ¢and iz, 7 1), 3.2
BanH| (ETOYOB@-7 @D, 3. 22FD6 UK. ainds. CLAR {1 eat-wEntitand
purif&agﬁgh:ﬂéﬁé(ﬁﬂérforned in the same way as in

par a )RR Y g‘?gr;:‘ﬁlgg-s?ﬁi s

& 1397,

b

gene obtained in paragraph a-1) were electronhoresed
or. 1.0% aaarose gel, and DNAs of 197 approxi mately
6.2 kbp and approximately 1.8 kbp were extracted from
[0theigel and purified in the same way as.in paragraph
Dg-Zg The obtained two DNAs were ligated in the sane
(PR R~ T paFagPaph a-2), and E. coli was transforned

vvitgw the ligation product. Fromthe obfained E coli
cl one§,°* a“% s Wa's Céxt?}éﬁ?gdeaﬁd'aggl §zed tortpPes, 34 ¢
of?gg%f?%%g§ch?eggeacgfuégpgtgl@@%es%%gﬁﬂﬁ%gegN%%%'1329%f
magnesium stearate are mixed using a blender and then
compressed using a tableting machine to obtain a tarklet.
[0253]
(Test Example 1) Construction of human calcium channel
subunit o,0; (hereinafter, referred <o humarn CacnaZdl) gene
expression plasmic, and preparation of human Cacnaldl-
expressing cell membrane fraction
a) Construction of human Cacna2dl expression plasmid
PRK/nCacnazdl
a-1; Preparacion of DNA fragmentz

The human Cacna2dl gene was obtained as twoe fragments,

the first half and second half fragments. PCR was performed

using a cDNA library (QUICK-Clone <DNA Human Brain (Clontech



Bi esystens, Inc.)) to confirmthe introduction of the

sequence represented by SEQID NO 7 in the vector

pRK- SK. The obt ai ned plasnid was desi gnated as

pRK/ hCacna2dl . [0159; CF i nment of human

Cacna2dl - expressi ng 293 ceI ine 293 cells were

transfected with the human Cacna2dl expression plasmd

pRK/ hCacna2dl constructed in paragraph a), and a cel

LahP‘P%v%lfJaébe v Expriesstng huerapl €aenard| anasnobmeai KO

W th human Cacna2dl protein expression as an index.
po{%ﬂﬁﬁ??talTQXO@&fﬁ% 298TRel | ache¥@ingotal ahedrontocal

m dish and cultured for 12 hours. Then, the cells

pr%éjr ed 0T st R t h B By ARG HESRMa2RIFe antioD. Bhe
=N o cl n-resjistant gene_expr es llasm d
f”g%?o/ ag% ( Eeh) p{ﬂeff‘nﬁs ?Yhﬂ%f Erugﬁwsgéélﬂt sequences:
~L1 pof ect Iﬂ Hu Lt Cor cord i
e iﬁe p?ot%c b %F ““£$ggg?%accgfggc 5165th % tg ge-
3 CRshS Hﬂtﬁotr@psf&g&ed were col |l ected, then
i nocul ated onto a 015 cmdish after dllutlon and
Priofdtupeds £or- eks ha- ENENLEE NyLtEegen 3o 2);
suppl emrenzed ﬁ%% 10% f et al bgV|ne SG?UI? (gggséPaNC )i
andnterna-ional, Inc.) and 500 g/m 418 (I nvitrogen
Corp.). The neonycin-resistant cells - 198 that
fosuttessé¢why falfretirzghent espwenerbsshkated. tAkt €61lowing
expansion culture, the cells were collected, and the
segetncedysate was eval uated by Western assay to obtain
a human _Cacna2dl -expressing 293 cell line. In the
Priglfefn assaytogsm T heaena2dratneopodires ' ( CBERI EBNNC: 3),
Inc.) were used as primary antibodies. [0161] «c¢)

a‘Preparatlon of cell nbrane fraction of human

o Gacpagdi - $re35|n 293 g The human D e T
Tachaz2dl 2 exp? 6537 hig- 293¢ ??Sagﬁtﬁgﬂea Proc tg-3' (SEQ 1D

NO: 4)

purchased IZIrom SIGMA GENOSYS. The PCR reaction was performed
for both the first half and second half fragments using a
thermal cycler (GeneAmp PCR System 970C (Applied Biosystems,
Inc.)) through & process involving heating at 94°C for 1
minute, then 25 thermal cycles (94°C for 15 sec., 60°C for 30
sec., and 68°C for 2 min.), placing at 68°C for 5 minutes,
and cooling to 4°C.

[C154:

These twe reactiorn products were purified using & 2CR -
product purification kit (MiniElute PCR Purificat ion Kit
(QIAGEN)) according to the protocol included in this kit.
The obtained first half fragment was digested with a
restriction enzyme Notl (TOYOBO CC., LTD.). The second hall

ragment was digested with restriction enzymes Clal (TOYOBO



par agraph b) were cultured in |large scale in DVEM
(Invitrogen Corp.) supplenmented with 10% fetal bovine
serum (Cansera International, Inc.) and 500 g/m G418
(I'nvitrogen Corp.), andt ells were collected. A
protease inhibitor (Conplete EDTA free (Roche Applied
Science)) was added in an anmount -recomended. for the
reagr ent to a binding assay buffer (10 nM MOPS (pH

CO.7. ATD.10 & HEMES (PIPYREPD ,CA00 FRP Nadl )Suls pyeparky, ahese

menbrane fraction preparation buffer. The coll ected

%%93Q¥5\Mﬁ%@\&%ﬁﬁﬁﬁ%ﬁt%ﬁ%%@ FreRdR aheor raEptiont Dur:flcatlor

~pr i on huffer. and . then hoppgeni zed using
k15 gﬁ & G e Fnbyena? e wak) beﬁFFPF%@@ to

2, OOQ r.am-at 4C for_.1 hour, using a centrifuge.

#e%super nat an %Cgld?s‘c%r Yt and the precipitate

[0S, suspended in the nmenbrane fraction preparation
buffer. The procedure fromthe ultrasonication using

a-28 WALASH ot o< td:he- suspension of the precipitate
after centrifugation was further repeated three tines,

andhet he1ebtaiones s SpPRNSHRY a5 M4s8d as. & Mo as MCS)
Cacna2dl - expressing cell nembrane fraction.” The total

of leevelxpofess k39 verrniRipRK Lo A Hednsn EBE: FENMBHABRa~ingen)
fraction was cal culated from UV absorbance at a
wa svereinaft B ofti28Meno] 1623 ct¢TesBl xaaphp- 2P (STRATAGENE)
Construction of detection systemfor binding reaction
O FEOREEI Gacirdlr an@reatdperstlily (et nadft erseated with
referred to as (BP and detection of Cacna2dl/ GBP
resmrrrd%@n eEFMSh Gt bi TQFYBRcEP vi t BB - of 288nfbuAds (TOYORO

anpl es a) nstruction of detection systemfor
co. b. S bet et Caehabah S alP GBI FhEhABNBALNT -

en C1(;acb 2d| e{lﬁressm cel | Zﬁét ction and GBP

sd I &St ope njélfql'er 3t 1y “hese
ord® 25 LB, TS OGO LLLL T, oL ted L

a bindin assay er (pH7-2) 1118

alddERE2 @ﬁdé&ﬁgtaégorwm'lna‘ter, referred to as CIAP;
TAKARA BIO INC.), and the fragment was then purified using
MiniElute Reaction Cleanup Kit (QIAGEN). Then, this enzyme-
treated DNA was electrophoresed on 1.0% agarose gel. After
the electrophoresis, the gel was stained with ethidium
bromide. Then, a banc portion corresponding to approximately
4.7 kbp was separated under UV irradiation using a razor
blade. DNA was extracted therefrom using a gel

extraction/purification kit (MiniElute Gel Extraction Kit

t
-
o

(QIAGEN) ) according to t protocol included in this kit.
[0156]
Tc obtair a DNA fragment corresponding to the MCS of

pBluescript 2, pBiluescript 2 was treated with restriction

enzymes Sacl (TOYOBC CO., LTD.) and Kpnl (TOYORO co., LTD.),



mM NaCl) at a final concentration of 2.5 ng/m in

terns of the total protein level and a final 'H GBP

concentration of 4.5 nM respectively, to prepare 120

| of a reaction solution, J'cb was in turn |eft

standi ng at 4C for 3 hours. his reaction product was

added to wells of a filter plate (UniFilter 350 G-/ B

(Whatman)) and filtered through the filter. Then, a
ancyRfin g sy Gastiures i Fiviot By Wade atiieni bhuot -e886dl uefing

a bindin assay. buffer ﬁéo mM MOPS (pH 7.4), 10 nM

Klerli@ryeér ‘“7“4) dNCahd fIDeRatiivrs teraymp-treated

DNp_the f||t was re eated three tines. The filter plate
WSS tHSY g%%%ﬂ?% Cland $he?BRAEPSi ae Lwash SRt edhe

addi ti on of 50 | of M croscint ( Per ki nEj nmer
elé%& %Fno . Upper surfdﬁ%smﬂsaéPSS géapea EéﬂaL” bromide.

dlat Jyved f o]} e 3H re
g etgn e, (sl ool solgne sominirg
W Ilé%' X ch“ IlH?e:o I'»ej_da Il S 0 j
asebtg?negrbngdd|nghﬁhlabe¥g%u%%P ?Sfé%ﬁ AE%&PCHDrﬁae'

wastexa fddiald concent ¥& 10 0 gogéﬁtgxtggcgﬁgﬁ?Ph r8¥3@¥tion
was subtracted as that derived fronrnonspec

kitadsdrptione aned d:her obt pimerlival gessas) ysed-asdthe to the
specific binding level of 3HGBP to CacnaZdI (unit:
protempdt ")ndlonB3l im)tiDet eicti on of Cacna2dl / GBP bi ndi ng
reaction inhibitory activities of test conpounds Each
[01t%¢St compound was added at various concentrations to
t he Cacna2dl / GBP hindi ng reaction detection assay
coﬁ§?r Qetédried PAVadrasiedt anf the »lFeRAY-¢bsaVedaBRKS
sured by the nethod described in paragraph a)
Werﬁh FATh U THRE Cad2 ot EBP SpekiFi éTBK%ar\naipewp

a”cﬁo?;‘n%;%f?*a%brthie it Hett et as T RDPRA: Yt e xphis
%ﬁgr223%|nsnaggrfﬁggogén&éggiBPEE% I%g[éeﬁiF" TOYOBO CO.,
LTD.) were transformed to obtain amplc1l_ip resistant
colonies. Some of the colonies were collected, and the
colliected colonies were then cultured. From the obtained
bacterial cells, a plasmid was extracted and analyzed for its
nucleotide sequence using a DNA sequencer (Model 3700
(Applied Bicsystems, Inc.)) to confirm the introduction of
the MCS sequence in the pRK5. 1In this context, a vector in
which, when the CMV promoter is viewed as being located
upstream, the MCS sequence was incorporated such that it was
oriented in a downstream direction as follows: 5'-
ccaccgcggtaccggccgctctagaaﬁrag‘ggaf”ccccgggctgcaggaattcgatatc
aagct taecgaeaCﬂgt”ga ctcgagggggggeccg-3' (SEQ ID NO: 5) was

designated as pRK-SK, and & vector in which the MCS sequence -



the inhibitory rate (0) was determ ned based on the
followng equation: Inhibitory rate [x] (0) = (1-
(binding level [x] /binding level [0]))x100, wherein
the binding level [0l refer o_the binding | evel of
3H- GBP obtained wthout the addition of the conmpound.
The inhibitory rate was plotted agai nst the
concentration. Fromthis result, an "1C50 val ue" was
wa gt RS Lethi Eh 38 orhentahéent PRPPEAtEf thheeteswas
conpound necessary for inhibiting 50% of Cacna2dl/GBP
de%ﬁéﬁ%?ﬁﬁ IhePREsSresults of the test conpounds are
Sshown in Table 2. [0164] 201 - [Table 19 Exanple 1050
[Oiggh 15 22%24 626 36 828 9 32 10 28 1_ 89

a‘%% q%xs%gtoloon 101:4 gfa%méd%K 17 120 18 670 20 100

The pRK-SK obtained in paragraph a-2) was trea-ed with a

a

rest

t

iction enzyme Xbal (TOYOBC CO., LTD.), and both the ends
of the DNA were blunt-ended using Klenow fragmen:z (TAKARAZ BIO
INC.). The blunt-ended DNA was further diges=ed with a
restriction enzyme Notl (TOYOBO CO., LTD.) and purified in
the same way as in paragrapn a-2). This pRK-SK t“hus made
linear and the Zfirst half DNA fragment of the nhumarn Cacna2dl

gene obtained in paragraph a-1) were el

0

czrophoresed on 1.0%
agarose ge., and DNAs of approximately 4.7 kbp and
approximately 1.5 kbp were extracted from the gel and

purified in th

[}

»

same way as in paragraph a-2). The obtained
two DNAs were ligated in the same way as in paragraph a-2),
and E. coli was transformed with the ligation produc:t. From

th

D

obtained E. coli clones, a pliasmid was extrac:te

oL

and
analyzed for its nucleotide sequence using a DNA seguencer
(Model 370C (Applied Biosystems, Inc.)) to confirm the
introduction oI <the sequence represented by SEQ ID NO: 6
therein. Next, the obtained plasmid was treated wizh

restriction enzymes Cial (TOYOBO CC., LTD.} and BamH> {(TOYOBO

CO., LTD.), and CIAP treatment and purificaticr were
performed in the same way as in paragraph a-2). This plasmid
DNA thus made linear and the second halZ DNA fragment of the
human Cacna2dl gene obtained in paragraph a-1) were

.

eilectrophoresed or. 1.0% agarcse gel, and DNAs of



22 10 24 85 31 14 [0165] (Test Exanple 3)

Mechani cal hvDer al aesia assay It has been reported

that aninmals with oeripheral nerve injury and

di abeti c nodel animals exhi 55 hyoer al aesi a and

al  odyni a synptons to nmechanical or thermal

stimulation. In_ the resent invention, mce su=ferine

from mechani cal hyperal gesia were used in eval uation
aprHinaicley werd okl dmatapedokonaBelyi huesbpnware

plastic cage for nmeasurenent. Then, the test conpound
XGRS TRAI15PM s it ered P@rihécdi te, thhi sAmpereyi As in

--u--r- evaluated =or nechanical hiyperalaes_a at a
PARAHAR R ti M SIETSidSH fetP BAS peasonl 198kedrje the

C the test. The evaluation of 202 nechani cal _
Sany JEHal Yesta %@a%ﬁmc?ég) by@R9p4rt FALL WBEi Freasiermed

-of the nethod of i'akasaki_er al. (Pain 86 95-101, .

w*‘i&oﬂ?“ o Cont 1Y n?%%@u% fedt" Bt the TRst e hpounddbh clones,
a ﬂﬁ%%%ﬁﬁﬁ%ﬂs'B@%%é%é@?'gnds§§§igkggl%Xr pechanieal ;e

hyperal gesi a was eval uated by assessing, based on
seROIES uAGLOTHII ign [0 bhenLOL | pUbaGLCEY bEN i Apobebavi or

I nduced oy “pressing 1.4 g of von Frey tilanent onto
Bidhesis@he, ofnd he) api BBnEifh BReT €8PPP8Bct lonWothdpaval

fromvon Frey filanent, and 2: shaking or I|icking of
sequrnde nckyrass ¢ medi lay efpQaf beXot he ist thul @kc@Br bRK-SK.

one neasurenent, 6 stinulations were given to the
Therigetaometl phesmibd abascoeeiwastasedsapRE/phaktnagdare.

The test conpound was eval uated by cal cul ati ng TD50,
(CIs?Lh is the dose of the conpound that offers 00%

i‘nprovenent relative to the pair_ score of a
b) F 2} E0ni P sPeFRY gReUpLdl-expressing 293 cell line

293 cells were transfected with the human Cacna2dl
expression plasmid pRK/hCacna2dl constructed in paragraph a),
and a cell line stably expressing human Cacna2dl was cbtained
with human Cacna2dl protein expression as an index.

4 A6

Specifically, 2x10° 293 cells were inoculated ontc a 66 cm
dish and cultured for 12 hours. Then, the cells were
cotransfected with 5 pg of pRK/hCacna2dl and 0.5 pug of &
neomycin-resistant gene expression plasmid pSV2neo (Clontech)
using & transfection reagent Lipofectamine Plus (Inviirogen
Corp.} according to the protocol provided for the reagent.
[0160:

The cells thus transfected were collected, then
inoculated onto a ¢15 cm dish after dilution, and cultured
for 2z weeks in DMEM (Invitrogen Corp.) supplemenzed with 10%

fetal bovine serum (Cansera International, Inc.) and 500

Hg/ml G418 (Invitrogen Corp.). The neomycin-resistant cells



In these nodels, for exanple, the conpound descri bed
in Exanple 2 exhibited TD50 of 10.4 ny/kg. (Test
Exanpl e 4) Thernal hyperal gesia assay in the present
invention, mce and rats su % ring from therma
hyperalge3|a are used in evalbation. The test conpound
i._. orally admn-stered to the animals, which are in
turf evaluated for thermal hyperal gesia at a
thafeasieenehiullnef preedet e» hdnedsbyeaepessdnated. chaf ger
of the test. Specifically, the sole of the hind paw
eXEﬁP%%@Pa%H%%Wre4stﬁﬁefﬁh}$ngrﬁngpéﬂééTeandanheLhateﬂﬂl
1y time to W thdrawal _behavior such as |icking or
3%%%%.%@Scﬁ‘?%%ap%ﬁlP§ fieaseFRd2SSEYesOERARPLE 5) hoBRa

tes 203 .1In e ent invention, mce and rats
Cap ‘f%ﬂ%’épf?%‘?‘rfq%o%g a%iﬁﬁvnf'aearel HSERE | TeSvaF tak F oAy -

The d duct
R T

accordln fo the ne

priﬁgPQVéﬁqugdlgparnacology 19, 85-90, 2008)
Speccifically, the animal is placed on a netal plate

[opé1p |ow tenperature, and the latent. - time to
observabl e hind pawlifting behavior and the duration

c) ofréherpaet i $1i g1l behanth pLsnar ergpasyneds QEﬁ§E Cacnaz2dl-
Exanpl e 5) Acetic acid-induced withing test in mce

exghessesd cohpowhd is orally administered to mice, to
whi ch 0.6¢c acetic acid is in turn adm nistered
i nt’fr‘@pémntaahé%&drw%tﬂ e HEEsIF Bment 9 8 | orl ps ediet £f mégedn
a person in charge O, the test. The total nunber
patﬁgﬁﬁP@lﬁg WHEhavROFSred touhBEdef 6£a10 AhNOMEY (flngntrogen
5 n1nutes after the -15 intraperitoneal adn1n|strat|on
% i HORRSCTHRERAf VEFD, 105 (TeselERaipRe 6prum (Cansera
uvant-l duced arthrltls pain test in rats An
%%ah?“ g p+%pareﬂnﬂy5%%lH%(W%lﬁélﬁeé#nKFFF@§°n borp )/

anga&tlgr&:gi evl\lle1§° mcobagbg%ﬁg] b%e% r}ljgﬁ%ﬂ?}r% I Complete

ar and T S dry

ED@@af”e§t?ﬁb*nyzﬁSDTléguéﬁlgﬁ g;'Qasfgh 8@591b¥n amount

ul -rasoni cati on.
recommended for the reagent to a binding assay buffer (10 mM
MOPS (pH 7.4), 10 mM HEPES (pH 7.4), 100 mM NaCl) to prepare
a membrane fraction preparation buffer. The collected cells
were wasned with the membrane fraction preparation buffer and
then homogenized using an ultrasonicator. Thehn, the
homogenate was centrifuged at 12,000 rpm.at 4°C for 1 hour
using & centrifuge. The supernatant was discarded, and the
precipitate was suspended in the membrane fraction
preparation buffer. The procedure from the ul:trasonication
using & ultrasonicator to thé suspension of the precipitate
after centrifugation was further repeated three times, and

the obtained suspension was used as a human Cacna2dl-~

expressing cell membrane fraction. The total level of



Thi s adjuvant (100 ug/0.05 mv paw in terns of the
anount o= the heat-killed bacterial cells) is
intraderma=ly injected into the right hind paws of
rats to induce arthritis._Opggay 18 after the
adjuvant treatnent, the pain test is conducted.
Specifically, the test conpound is orally adm ni stered

_tothe animals, Their -arsotibial joints are flexed
PIGRSANT i TRIS3NSE HRaSh? SHERPTERfelprEdersr HrsedaByudated

erson_in charge of the - 204 est, .and t he nunber of
fr%ﬁx: i%%ﬁ?%#%n -3y FsVFER ?Hgaha91a2%8apﬁ-score.
[Oi@%ﬁG] (Test Exanple 7) Electrically induced

convul sion test The test conpoun is ora_iv acl?_

_ - € ] C n .corneas_in _both the eves are. .
o et i fE Pl 1B B8 LRl R Bunasn
redist 1\n afl 8l &61 ré Lol byl 2L 50ABRRAKALUS (@Rd. .3 0ipgl ar

el ectrode at a nmeasurenent tine predeternllnedab

rePEFsON t& £hacge) pf ahbegbest18AdokhePHESENGERY binding
absence of tonic extension of the hind pawis i
reabseon ethlahidi tecor dedivi{Test cExaspbeuddBen sy F&Rgites
-azol -i nduced convul sion test The test conpound is
a) otahstyuadnoni sf ededetoion sgstea fwhi @indling reaction
pentyi enetetrazol solution (85 ng/10 m /kg, dissolved
betveenl faenazdljand-@BR adni ni stered hypodermical ly at
a Measurenent tineifredeternjned by a person in
charttfe BimaThe-aqnastcl e fe e5ENE eCot - aBsBRcenef fekefilon and
GB onvulgégn l§r observed and regorded over 30 ninuges. .
%T%%?e npte o) TATAQUPPFBRE the (BEFechadictpnereferred to

o PAESEIS, BN On Con e £ON 10, O £ual uellon 1
o= eyepgBesct (NULATRLTILLC L, o Ykl iy, 1) 200
s (RLEP; / Luwat 8113 BLA0RY -LEURH! BY peseqiohhash/ addadd o
the total protein level and a final ’E-GBP concentration of
4.5 nM, respectively, to prepare 120 pl of a reaction
solution, wnich was in turn left standing at 4°C for 3 hours.
This reaction product was added to wells of a filter plate
(UniFilzer 250 GF/B (Whatman)) and Ziltered through the
filter. Then, a washing procedure involving the additicn of
350 pl of a binding assay buffer (10 mM MOPS (pE 7.4), 10 mM

HEPES (pE 7.4), 100 mM NaCli) and filtration through the

filter was repeated three times. The filter plate was
thoroughly dried, and the underside was sealied. After
addition of 50 pl of Microscint 20 (PerkinFElmer Inc.), the

upper surface was also sealed, and radiation derived from the
radioisotope °H remaining on the filter was counted using

TopCount (PerkinkElmer Inc.). From the obtained value, a



odf; Industrial Applicability [0167] 20~ A conoound
of the present L'nventio pharmacol ogically acceptable
sal thereof can be used as an active ingredient in a
pharmaceutical comos_tiaqn _treating and/or
preventing pain or disorders such as those involving
the central nervous system. Free ?ext for Sequence
listing, [0168 SEQ ID NO_DCR sense priner for the
valugj petapapf PyagRerndofuninkre C4hR208 IGMEEDRNCE INC. )
DC-R antisense prinmer for the first half fragnment of
at RufdR2EacrRRZENIISEQOID ANO2 B: HPCR drtd senseept | apsaf ovas
the _ e%ond hal f ,fra}q’rre,ntc of human Cacna2dl. SEQ ID
SUDNEECREAPER ahFits ERSe IC6T I T (HTF THE SekorRipatPTion, and
. fr of man _Cacna2dl . i- NQ_multiclonin _
tnesfjﬁgggﬁteg \782“#& w?ﬁBlulf’ees(g-asotsg% PHo6-1C &wﬂ@glgeﬂel o=

- EOPPOYNG, & en by.the general fornula (I', or a
A %ﬁér%oo?ﬁlg?%gﬁl)(/ﬁgggépt %Efe“lél“sél't thereof: RR NHR6 R

(0168 7 (1) RZ R Rg, RR whereini RKZ P21 4 R
Rci -, Rai and R are each independently a hydrogen
p) 8e8Btachabggencakoml MBR Kiidhhg reaction inhibitory

activities of test compounds

Eacn test compound was added at various concentrations
to the Cacna2dl/GBP binding reaction detection assay
constructed in paragraph a), and the binding level was
measured by the method described in paragraph a). Then, with
the Cacna2dl/GBP specific binding level obzained by the
addition of the compound at a concentration of x nM defined
as "binding level {x]1" and the Cacna2dl/GRP binding
inhibitory rate thereagainst defined as "inhibitory rate [x]"
the inhibitory rate (%) was determined based on the following
equation:
Inhibitory rate [x] (%)=(l-(binding level [x]/binding level
[0]))x100, wherein
the pinding level [0] refers to =he binding level of *H-GBP
obtained without the addition of the compound.
‘The inhibitory rate was plotted against the concentration.

From this result, an "ICsp value" was caiculated, which is

p—+

the concentration of the test compound necessary for
inhibiting 50% of Cacna2dl/GBP binding. The test results of
the test compounds are shown in Table 2.

[0164:

14



and R tOge~.~er with the carbGh at Om to al kyl

group, O R2 which they are bound forma C3-C7

cycl oal kyl group; and R is a hydrogen atom a hal ogen

atom a C-C6 al ky- group, a_ CI C6 al kyl halide group,

a hydroxy-Cl-06 al kyl group9ta~su, fany-- -C6 al ky=

group, a C_ _6 al koxy-Cl1-C6 al kyl group, a C2-C6

al kenyl group,. a C2-C6 al kynyl group, a Cl-C6 al koxy
[Tawloupl9a C -C6 al kyl sul fany_ croup, a C=-C6
—:—waky+sﬂ+#aﬂy+—€}—§£~a#ﬁyI group, a C2-C7
EX351 ¢ hi o- CI56p EMKY | ar'oup, a C2-C7 acyl oxy- Cl- C6
al kyl group: or a C3-C7 i cycl oal kyl group. 2. The
conpound according to cliaim1l or a pharnmacol ogically
acceptabl eéogalt thereof,| wherein. R is a hydrogen
arom 3. Thg conpound according toclaimlor 2 or a

U%hbdlly acceptiabl e salt thereof, wherein
both—R2—=2* R—are—hydrogen atons. 207 4. The
g eo—any one of clainms 1 to 3 or a

abl e salt thereof, wherein R~
s_a_hydraden atomor a Cl-C6 al kyl group. 5. The
onpound aéfording to cllaim4 or a pharmacol ogi cal | y
cceptableiﬁalt t hereof,; wherein R3 is a hydrogen
tom a nmetdtyl group, an ethyl group, a propyl group
r a butyl] 3group. 6. The conpound according to claim
or ‘a pharmcologi calTy acceptable salt t' _hereof,
herer m R3 és a nyorogen atomor an ethyl group. 7.
e LUHpUbH%KgbbUIUIHg to any one of clains 1 to 6 or
pharuub LA ea__—y—ace ptable salt thereo* , wherein

S—a FJ%“””QP at-em—8. The conpound according to
y one of ]rQﬂlm: - to__ or a

T
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It has been reported tha:t animals with peripheral nerve
irjurv and diabezic model animals exhibit hyperalgesia and
ailodynia symptoms to mechanical or therma: stimulation. 1In

the present inventiocn, mice suifering from mechanical

hyperaigesia were used in evaluation.

Thne mice were acclimatizec Zor 30 minutes irn a2 plaszic
cage for measurement. Then, tnhe test compound was orally
administered to The mice, which were in tTurn evaluated for
mecnanicel hyperalgesiz at a measurement time predetermined



pharmacol ogi cal | y acceptable salt thereof, wherein R
i_a hydrogen atom 9. The conpound accordlnc to any
one of claims - to 8 or a phar macol ogi cal | y
acceptable salt thereof, wherein. P6 is a hydrogen
atom 10. The compound acco?@?ng to any one of clains
1to 9 or a pharnacol ogically acceptable salt
thereof, wherein R* is a hydrogen atom 11. The
me EOLPOM ad REEOrsi ngs19 ARy eBedatrebabls alpketlfior a
phar maco- ogi cal |y acceptable salt thereof, wherein
mod0t hea £ oAnds REhe meehbydbogenkatans. etla’A (Pain 86 95-107,
phar macol ogi cal |y acceptable salt of a conmpound
20@ecotdi agnforanyhenefotcel aiinkhke ttestl conveusidn onhe
208 - pharmacol ogically acceptable salt is
nmedyandcalonvderalpenzenesSetidhasdlyor mechanical
o-tol uenesul Zonate. 13. A compound represented by the
hyg@n@laEQﬁérhﬁEa°(ﬁayaeﬁOaprﬁéﬁﬁﬁébFﬁglé@ﬂ%ﬁ on scores
acceptabLe salt tpereof R4 R NHR6 t ® g a)
ACGORBLIRY RS L\WRE8n “RE - eﬁ'é“/Rﬁ”;“dﬁ”or TREEREY
RE, .and. RE' are each ,|ndgpendently a hydrogen atam. 8
prﬁanB@n afofy %or V82cEreE Taidler Sip:C o' SR> Ad Re -
gether with the carbon atomto Wich they are bound
ma C3-C7 cycloal kyl group; and R is a hydrogen
fxg Q@DQ‘? Qgen .al,0mh & Gk 106 Ak Won GF.0UP, £ & deler®, and 2:
y[ R i'de group, a hydroxy-Cl-C6 al kyl™ group, a
sh%‘}&l_fn%n)ér -:ltc(f(@ 3l K GO nR i -imd KOV Gl-Gheer the

sTimulatiocn.

In one measuremenz, 6 stimulaticns were given to the
total score was used as & pain score.
The test compound was evaluated by calculating IDsg

which is the dose of the compound tnat ofifers 50% improvement

relative o the pain score of a venicle-administered grouo.

|
t
o
[0}
n
[t}

models, for example, the compound described in
Examplie 2 exhibited IDs; of 10.4 mg/kg.

(Test Example 4) Thermal hyperalgesi

[))

assay

In the present invention, mice and rats suffering from
thermal nyperalgesia are used in evaluation.

The test compound is orally administered Tc the animzals,
which are in turn evaluated fq: thermal nyperzlgesia at &
measurement time predetermined by & person in charge of the

tes

t

Specifically, the sole of the nind paw of the animal
is Thermally stimulated, and the latent time to withdrawal

behavicr such

v

s licking or shaking of the paw is measurec.

(Test Example

lc plate tTestT

[@]]
(
|-
[0



al kyl group, a C2-C6 al kenyl group, a C2-C6 al kvnv=
group, a Cl-C6 al koxy group, a Cl-C6 al kyl sul fanyl
group, a C-C6 alkylsulfany -Cl-C6 al kyl group, a
C2- C% acyl thi o-C1l-C6 al kyl _group, a r_2-C7
acvi oxy-C _-C6 al kyl group, oY°a C3-C 11 group. 14. A
conpound represented by the genera_ -formula (Ib) or a
phar macol ogi cal |y acceptable salt thereof: 209 - R4 R
- NHR6 <R3 @RA€erd iRZn2 ¢h | Rl R whies edunf Rir R2g R2rom
RS R Ro RR38 e and R are each independently a hydro
oleh diomivaizi axogeecat omevelaatCén.al kyl group, or R2
and R2 together with the carbon atomto which they
ar & nsouk ¥uormm en 3 Gy ol baekyhigrbsipsoa@dcredi gcgording
hydrogen atom a hal ogen atom a Ci- C6 al kyl group, a

to GlhTonat k9 fAal fa@ﬂg%gpbﬂora BydRexy-Behes~ &Iuky

group, _a sulfang - C6 alkyldgrou a Cl-C6 _ .

PhaTRaxv+edy ch - aF Ry PO gr8988 CE6 a?k%%yy'grBupa al 1s
C2-C6 al kvnyl _group, al kox group, a R
%???I%UI?aW%F‘ roup; “a“c1e % "al” ky%sul f“ariﬂ' Ciccg%“ iatent

. al kyl oup.,. . |t hi-Q- roup,. rati

TR % 7g%6 5% D‘g2ncééa§é¥ i Fo&p# g?hgk ?%do e Auration
ofcyﬁEOB?KVW‘QLQHE Déﬁavﬁocoggguqga@%&%§§ented by the

general formula™(l-, or a pharnmacologically -

(~agcepkabbecsalt sthereohic; MH: 23 RO t:ilng wher eim m: ce

]
D
()]
+
®
n
ct
Q

cmpound is orally administered to mice, to

which 0.6% acetic acid is ir tTurn administered

(Test Example 6) Adjuvant-induced arthritis pain test in rats
An adjuvant is prepared by pulverizing heat-killec
bacterial cells of Mycobacterium butyricum using an agate
mcrtar and then suspending the powder in dry heat-sterilized
liguid paraiffin, followed by ultrascnication.
This adjuvart (100 png/C.C5 mi/paw in terms oI the amcunt

of the heat-killed bacterial cells) is intradermaily injected



210 -al kyl group, a Cl-C6 al kyl halide group, a
hydr oxy- C1- C6 al kyl group, a sul _any -Cl-C6 al kyl
Group, a C-CE al koxv-"!-C alkyl group, a C2-C6
al kenyl group, a C2-C6 alkyngl group, a C_-C6 al koxy
group, a Cl-C6 alkylsulfany? group, a C-C6
al kyl sul i anyl - C1-C6 al kyl group, a C2-C7
acyl--Lhic-(--1--(--6 alkyl group, a C2-C7 acv
teoXy-&nd tKH mhiktydr gpduopceat iaa€ions7 (0epel dal kglorded as a
group. 16. conpound sel ected fromthe group consis-ing
palf $sherefollowng: ()-f(1S, SIR 6R)-6-(am noneth
vl ) bi cycl o[ 3. 2. 0] hep--3-en-6- yl]acetic acid;
[01&%:[ (1S, 5R, 6R) - 6- ani nonet hv _
1-3-met hyl bi cvel o[ 3. 2. 0] hept 3- en-6-v=;acetic ac, d;
(Testy. w&@esqﬁz %R)Eéeaﬁfﬁeﬁét—wv|ln31u§vhyrﬁpé’ylc|5&[0§ Zthep
t-3-en- 1y ace- c_ acid heir
)Tfﬁ I$3R D%U%m hont Ayt Y320FopvFbFEGEl 6P3™2 6] hel e
1-3- en-6-y=]ace ci R 1y 1+
CO?E%"’IS 7“ fz&‘ 2 %EI- 3 uLtrle cyclor Y Hept” 2
y Ce I electric ion ratus ;
50[?%2% 6%} -~ 6- (ii%n %gn%{hvl‘)”bltcyc 0[3“% 5]'h‘e St e ane
a %Lob¢§CELiQ %Qb@e Et( 1SmeaR iy GRe b MRt nes by
bicyclo [3. 2. hept 3-er _-6- yl]acetic¢ acid; [ (1S,
pe®2RonbRh Caarﬁa”brnﬁﬂﬁeuﬁﬁh) @ﬂ@ﬂlik[d}eééncé)or absence of
" hept-3-en-6- yljacetic aci d hydr ochl ori de; [(is, SR
+0BR: =6t chadfionnerfe thiay Ininel ewol a.  dhsXved gnd recorded.
hept - 3-en-6- yl]acetic acid benzenesul fonate; 211 -
(TECIREESHEDE- 8~amﬂmﬂnﬂdnﬂﬁéiiﬁdgﬂ1ﬂnﬂuﬂ&ﬁ££ér€qlﬁgm?3385-

en-6- yl]acetic acid; .
The test compound 1s orally administered to mice, to

A}

14

which a pentyleneteirazcl solution (85 mg/if mi/kg, dissolved
irn saline) is in Turn administerec nypodermicaliy at a

measurement time predetermined by & person in charge of the
test. The presence or absence of clonic convulsion is

observed aznd recordec over 30 minutes.

(Test Example 9)

t-h

| #

Ir addition, the effect of the present invention can be

confirmed by evaluation according tc methods describecd in the

following homepage of National Institutes of Health (NIH),
Us
NIE H?: Antiepileptic Druc Development (ADD; Program

(nttp://www.ninds.nih.gov./funding/research/asp/addadc_review

.pAf)

Industrial Applicability

(01671



[ (IR 5S, 6S}-6-am nonet hyl - 3-erhy' bi cycl o] 3. 2. 0j hen_- 3-

en-6- yl]acetic acid p-toluenesul fonate; 1R 5S, 6S)

-6- (am i nonet hyl ) - 3- et hyl bi cycl o[ 3. 2. 0] hept - 3- en- 6-

1l acetic acid benzenesul fonace; and 1S, 5R, 6R - 6-am

i nonet hyl - 3- echvl bi cycl o[3.2°9] hept - 3-e -6- yl]acetic

acid. 17. A pharnmaceutical conposition conprising a

conpound or a pharnmacol ogi cally acceptabl e salt

t her eefnpacedr difcng nteo parkys erane ioferci admsod 40 16 as an
' active ingredient. 18. The pharmaceutical conposition
phaateaidiag d0 of adandi;abIorsat eatnkengoandlor be usecd as an

preventing pain. 19. The pharmaceutical conposition
ac@ccoridiqupdert aim & ophireatengiand/ 6PMPPEVEAPTINGCA

di sease selected fromthe group consisting of acute
SreR g OMT PRYEN ARG BatEel b SeEFETE S§GB F -hose

ost-erne is neuralgia, occipital

~ peripheral n]ury, ﬁ
InvelF dtgi &@)e tYEgerd ni aF L AP afgratTnyel onere or
central pain, neurooathilc

i ntercostal neural gia,
pain, mgraine, pain associated with osteoarthritis

_or articular, rh tism.pain associated with
F*t%ﬁfh%?oﬁ?‘s%?éf%#g%r“fggﬁﬁg, spondyl al gi a, pain
[Opag§ed by spinal cord or brain steminjury, painin
the | ower back, sciatic neural gia, toothache,
scvebagel at . pabn syAdEORR:inepi F0t eme Faid: geuly Maidhent o
pain caused by burn, cardiac pain, nuscul ar pain,
nu@eH! @k cpabn1. inflamatory pain, orofacial pain,
abdom nal pain, pain associated wth dvsneno_rhea,
sebaborNpai A; BCReandadetnises s, imesonatalgia, s path half
associated with nerve or radicuiar injury, - 212 - G _

frpgihAanassochated @etchag@eput ati on, tic doul our eux,
caused by di abetic

neuromm, or angiitis, pair_ i . L.
SERelPoPAYt hy : ( BERdRABALSEE S &y igkeT dl o et Fird ped 1) |
_ pain caused by chenot herapy- induced neuropat hy,
Iragiprcalif &aR MG A%, neur opat hi ¢

SEC ID NC: 4: PCR antisense primer for the second na

fragment of human CacnaZzdi.
z vector pBluescript 2.

» I2 NO: 3: muliticloning site oI &

n
t
| )



pain in the |l ower back, trigem nal neuralgia,
occi pital neuralgia, nyelonere or intercostal
neural gia, neuralgia associated with H'V, neural gia
associ ated w th Al DS, hype&g%ggsia, bur ni ng pai n,
sudden pain, pain caused by henot her apy, occi pit al
neur al gi a, psychogenic pain, pain associated with
gal | s-gone, neuropachic or non-neuropath_c pain
associ ated with cancer, pka®idfh|inb pain, functional
abdom nal pain, headache, acute or chronic tension
headache, sinus headache, cluster' headache,
_ temporonandi bular joint pain, maxillary sinus._pa
1. paifn CCARSSE Dy RAGE BEI §Y C¥pontlyPaPRRAFL Fermula |
postoperative rain, scar_Dain, chronic non_-
Phavala o bat hie- pii ACCEPbrohyatdilta, -aMFGtrophi c | ateral
sclerosis, epilepsy (partial epilepsy, adult partia

a,
I} or a

sei e, ang partial seizure in epilepsy patients) |,
gen i zdY anxi et ig9fder, and restless |egs
syndroye. pO. T ph eutical conposition according
to cl .- or treating and/or preventing pain

by Hi abp y. Use of a.conpound
Ror a Wharnmhcol pbgical |y accg%tablgﬁéalt t her eof
accorgrg to ap Egb of clains _ to =6 ror producing
qﬁﬁ r "Cﬁ§ﬁi B' tonposition. 22. The use according to
cl ai m k%, er'ein the pharmaceutical conposition is a
conposttion for treating and/or preventing pair.. 213
23. The use according to claim2l, wherein the
whphaimaceuti cal conposition is a conposition for
treating and/or, preventing, painh caused.by diabetic
r_eEIrfop%“trh%“ 24 ARret Rod For R‘érqfeétr}%f andf or=ach
. _preventing pain, conprisin ad 'nistering a . 2 C1-CE
inERREREESITOYT Ca IRPTEEC (G V8 arfb UM+ 393 2 L8Rpolnd® of 1 &°
pharnacol ogi cal Ly acceptable salt thereof —ac ing. . -
alikg-afy oFe & & afhs % to A 1o a fanmlt® BEELA! Bom <o

which they are bound form a C3-C7 cycloalkyl group; and

3 r~n

R° is a2 hydrogen atem, a halogen atom, a CI-Cé aikyl

group,

f
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grcup, & su
alkyl group, a C2-C6 alkenyl group, & C2Z-C6 alkynyl group, a

Cl1-C6 alkoxy group, a C1-C€ alkylisulfanyl grour, a C:-C¢

alkylsulfanyl-C1-C6 alkyl group, a C2-C7 acylthio-Cl-Co6 alkyl

A)

group, a C2-C7 acyloxy-Cl-Cé6 alkyl group, or a C3-C7

[§

cycloalkyl group.
2. The compound according <o claim 1 or a pharmacolicgically
acceptable salt thereof, wherein R° is a hydrogen atom.

3. The compouncd accordin

\Q
ct
O
0
I_ ]
[§3)
l.J
=}
|_
0]
(B
N
O
H
W]

. - L. . . ~ . , N .- 2
pharmacologically acceptable salt thereof, wherein botn R

and R? are hydrogen atoms.



23. The nmethod according to claim 24, wherein the pain
is pain caused by diabetic neuropat. hy 26. The net hod

according to claim24 or 25, wherein the
human. 27. A conpound repre
formula (77T)- 4a Rya NH,~
Rl a R8a'R R wherein Zc 2c 22 a'c 5c
and R -' are each independently

mammal is a

nted by the general

a COON (I11) 8a Rea 2a
RRR, RRR&
a hydrogen atom a

4. halTogercatmmndra@ac A3 G6s at &kybkngr oup, odr ci2ErRahdtR 3 or a
together with the carbon atomto which they are bqund
phdomacoho€8<£71v cyctent kpiegsaln; thrdcR3F whexetiydFoges &

atom a halogen atom a Cl-C6 al kyl

group, a Cl1-C6

hvatkygerhakPdecyr sup—achpdikony SCrues al kyl  group, a

sul fanyl -d - C6 alk I group,

C6a|- koxv-Cl -- 6

5. a|@ﬂé Qﬂﬁpu%ﬁCﬁP@%w alReny© ﬁﬂﬁuB aOGZGCQHQFW?HVLO icelly

grou
acaﬂ%v

g a - 214 Cl-Cg aI
SUFf sAyF gPSEﬁO—a br

% group, _a a C2:-C ac
meesyer? a8§7P0x§’7 CI“&@’)’ alPryl"Fgr sup.”

Fsuﬁfﬁﬁggoéﬁ“cebom' a
h|c CI ACG

dé‘7g roo‘-:l'l pa! .O% tyl

g’”é ¢l oal kyl group. SEQUENCE LI STING <110> DAl I CHI
~SANKYO COVPANY, LIM TED <120> BI CYCLI C GAMVA AM NO

¢ . ACH 1), DERLYATL YES: c£4302nBSPETHRAE34 o

-—_—— T =1
cceptable salt thereo:,

ethyl group.

7. The compound according

pharmacologicaily acceptable

hydroger atom.

8. The compound according

prharmacocolo

@
IJ

48]
ct

hydrogen om.

9. The compound accordin

pharmacologically acceptable

hydrogen aton.

10. The compound according

pharmacologically acceptable salt

1i. The compouncd according to any

12. A vharmacologically

according to any one o=

one o claims 1

o am g
chereor,

cally acceptabl

a pharmacologically

hydrogen atom or an

t
O
(o)}
O
[
19}]

5 : [ -
where:n R° 25 &

clalms te 7 or a
wherein R° is &

ciaims “c & or a
. \ 5 .
wherein R’ 1s &
claims 1 to S or a



<150> JP2007- 255430 <151> 2007-09-28 <160> 7 <170>
Patentln version 3.4 <210> 1 <211> 42 <212> DNA
<213> Artificial <220> <223> PCR sense primer for
human Cacna2dl front <400> 1 agctgcggcc gctagcgcca
ccatggctgg ctgcctgetg gec 22208210> 2 <211> 27 <212>
DNA <213> Artificial <220> <223> PCR anti sense
primer for human cacna2dl front <400> 2 attaggatcg

phattHeanogt canl ACLEc2F-a5240223c<231nv36ccr2b22 dBNA
<213> Artificial <220> <223> PCR sense priner for

beihwaas Catoa2dd , rearo-€4002ndsaafgggtatt actttgcaat
cgatcc 26 <210> 4 <211> 32 <212> DNA <213>

13 Art fé@irdund represented by the general formula (Ia) or a

salt thereof:

M

pharmacologically acceptabl

R NHR®

R “u—COOR”  (Ia)
8

2 ' 4 A [ 7 2] 2 1 -
R', R? R?, R% R® R% R’, R%) and RY are eacn

which they are bound form a C3-C7 cycloalkyl group; and

R° is & hydrogen atom, a halogen atom, & Cil-C6 alkyl

f
(@]
l__l

group, -C6 alkyl nalide group, & hydroxy-Cl-C6 alkyl
group, & suliany:-C3-C6 alkyl group, a C1-C6 alkoxy-Cl-Cé6

alkyl group, a C2-Cé6 alkenyl group, & C2-C6 alkyny. group, a

-
-~

Ci-C6 alkoxy group, a C 6 alkylsuilfanyl group, a Cl-Cé6

alkylsulfany:-Ci-Ct alkyl group, a C2-C7 acylthio-Ci-Cé6 alkyl
group, a C2-C7 acyioxy-Ci-C€ aikyli group, cr a C3-C7
cycloaikyl group.

i4

14, L& compound representec by the genera’. Iormuia (Ib) or

pharmacologically acceptapie salt thereoci:



<220> <223> PCR antisense Prinmer for human Cacna2d
rear <400> 4 agtcggatcc tcataacagc cggtgtgtge tg 32
<210> 5 <211> 98 <212> DNA <213> Artificial Page 1
<220> <223> nulti cloning ghge_of vector pBluescri pt
2 <400> 5 ccaccgcggt ggcggtcgcet ctagaactag tggatccccc
gggctgcagg aattcgatat 60 caagcttatc gataccgtcg
acctcgaggg ggggcccg 98 <210> 6 <211> 1573 <212> DNA
<213>% Hono sapiens <400> 6 ggcggccgct agcgccacca ‘
tggE& ctggtgcctgcetg gccitgactc tgacactttt 60

ccaat gttt g ct cat eggeNHR cgt cgga ggagccgttc ccttcggecg

t cact & 120 ~"at cat gggt g gat aagat gc aagaagacct

3 gt cg@gact g gcal acag,.caagtggagt 180 caatcagctt
R t at ttmﬁéﬂ&t tt g(ﬂg) act gt gg aaccaaat aa

240 TTAPNC! ggt aaaaa ttgcagccag ggatattgag

ac t g&& acapgaBat ¢ 300 taaagccctg gtgcgcctgg

ttggRggQ{ggqg aagtt caagcagctc accagtggag 360
agaaganttt gcaaacaatg aagttgtcta ctacaatgca aaggatgatc

tcgatcctga 420 gaaaaatgac agtgagccag gcagccagag
whgalagaacct gttttcattg aagatgctaa 480 ttttggacga

= Ll.l

Caaatatctt atcagcacgc agcagtccat attcctactg acatctatga
540:1 gggct gaaca at Ryl gkt ag"at gaackeaaret ggacaaoly
gccttagat g aagttttcaa 600 aaagaat cgc gaggaagacc
in@kbeatitatt ygkgaeagetrt btegcast g aceant-ggeein,66d a Ci-C6
agctcgatat tatccagctt caccatgggt tgataatagt agaactccaa
alataagabtiga 320R’cehdit At gabogtaegcagasm gaecatggicm atom <o
cat ccaagga gctgcatctc ctaaagacat 780
which they are bound form a C2-C7 cycloalkyl group; and

R° is a hydrogen a:om, a halogen atom, Ci-Ct zikvi
group, a Cl-Cé alkyl halide group, a hydroxy-Cl-Cé& alkyl
groun, & sulfanyl-C:-C& alkyl group, a Cl1-C6 alkoxy-C1-C6

aikyl group, & C2-C6 alkenyl group, a C2-Cé6 alkynyl group, a

alkylsu.Zanyl-Cl1-Cé a’lky: group, & C2-C7 acylthio-Ci1-C& alkyl

1.

15. A compound represented by the general formule (II; or a

pharmacologically acceptable salt thereof:

N, |
R COOH (I

wherein



gcttattctg gtggatgtga gtggaagtgt tagtggattg acacttaaac
tgatccaaac 840 atctgtctcc gaaatattag aaaccctctc
agatgatgat ttcgtgaatg tagcttcatt 900 taacaacaat
actcaggatg taagctgttt tcagcg tt gtccaagcaa atgtaagaaa
960 taaaaaagtg ttgaaagacg 3ét§aataa t at cacagcc
aaaggaatta cagattataa 1020 gaagggcttt agttttgctt
ttgaacagct ggttaataat aatgtttcca gagcaaactg 1080
caat’aagakt hatitratact at ot acgdat gy @ggagangay @UaDE Cehkg:
agatatttaa 1140 caaatacaat aaagat aaaa aagtacgt gt

gratpcasgfitCbcagkyggrel adeagaatra B20Qcrogacdgafdaalkyl
cctattcagt ggatggcctg tgaaaacaaa ggttattatt atgaaattcc

| graeep atseéaRDfgrigrhat aagaa veaaractcd ggdatdtiory -C1-Co
gatgttttgg gaagaccaat 1320 ggttttagca g%$gacaaaq

alkyhaGEQHYt ecaargfadakaay§t rad® t Ggatagcat t1Hasy’L

_ggaac a cttgtcatta ctggaactct tccggtcttc aacataaccg

o1 SRR IREE Gaadel et e s
ttggcagt g at.gggagtag. atgtgtcttt. 1500.. ggaagatati _~r .1,

1L guca0tg,aronpantag sl gaet (1 1900 QuAAGALALLC, e a1y

“cdccaca “facactgt'gc cccaat gg %uﬁTtgc
280 _aatcgatcet,- 2573, Page,2 52102 7. 24k 3301
gré2§2>a gél%SYFggé sépignsqg§406§' “dgcggccgct
cy8g688&aaca ggct gctgg ctgectgetg gecttgactc tgacactttt
60 ccaatcCtttg ctcatcggcc cctcgtcgga ggagccgttc
16CCticggesguhgeactateaadlzfomatcat gaghe Gaagatige o the
aagaagacct tgtcacactg gcaaaaacag caagtggagt 180
fotaatwdagett gttgatattt atgagaaata tcaagatttg tatactgtgg
aaccaaataa 240 tgcacgccag ctggtagaaa ttgcagccag
(xggdtiatt gag cxaact-t(ahga ogeadcdgat icc 3 [ 3 dadydeetg-3-en—-6-
tgcgcctgg cattggaagc ggagaaagtt caagcagctc accagtggag
v13eCetaga&gatdtitt gcaaccaatg aagttgtcta ctacaatgca
aaggatgatc tcgatcctga 420 gaaaaatgac agtgagccag . _
(FgcadeCagdg Fatdaadderrgintical te Haghe Hel @k 480< - 01 hept-3-
ttttggacga caaatafctt atcagcacgc agcagtccat attcctactg
Chacatcodyaa 540 - Ytjgct caaca attgtgttaa atgaactcaa

.Ctggacaaqt cttagatg aagttttecaa 600 .aaagaatcgc,., . - ___
B ek B QR Lt S BARE L Sas S b R R
6{?%}aégguéxgg§g;tatccagctt caccat gggt tgat aat agt

gdactcdaa acaagattga 720

group, &

(£)-1{1S,5R, 6R)-6-aminomethyl-3-propylbicycio{3.2.0]hept-3-
en-6-y.jacetic acid;
(£)-[(15,5R, 6R})—6-aminomethyl-3-butylbicyclo{3.2.0lhept-3-en-

6-yllacetic acid;
[{1R,5S,6S)-6-(aminomethyl)bicyclo[3.2.0lhept-3-en-6-
yljacetic acic;

[{1S8,5R, 6R)—¢é-{aminomethyl)bicyclo[3.

[N

.0lhept-3-en-6-

-

yllacetic acid;

[{15,5R, 6R)—¢t~- (aminomethyl)bicyclo[3.

[\

.Clhept-3-en—-t-
yiiacetic acic hvdrochloride;

[{1S,5R, 6R)-6-{aminometnyl)bicyclo:

(@8]
N

.0Jhept-3-en-¢-

yljacetic acid benzenesulfonate:



cctttatgat gtacgcagaa gaccatggta catccaagga gctgcatctc
ctaaagacat 780 gcttattctg gtggatgtga gtggaagt gt
tagtggattg acacttaaac tgatccgaac 840 atctgtctcc
gaaatgttag aaaccctctc agatgatgat ttcgtgaatg tagcttcatt
900 taacagcaat gctcaggatg taagctgttt tcagcacctt
gt ccaagcaa atgtaagaaa 960 taaaaaagtg ttgaaagacg
cggtgaat aa tatcacagcc aaaggaatta cagattataa 1020
[ (IFadadgged)t-to-agtinaryetitvi t gaathycbigyriaabt at OdaegitBeea—o-
gagcaaactg 1080 caataagatt attatgctat tcacggatgg
v1lafgdgeageyl digagcccagg agatatttaa 1140 caaat acaat
.aaagat aaaa aagtacgtgt attcacgttt tcagttggtc aacacaatta
[ QrT%ﬁt%@%@@%?%%?%Y%Eég?tﬁgapéﬁﬁégﬁ[ggéagdéﬁéﬁ“J‘en‘c‘
.ggttattatt atgaaattcc 12§0 ttccattggt gcaat aagaa
Y+ kd@atact Tat Ygaat at t €9 gat gPEEE§g gaagaccaat 1320

,ggtititagca ggagacaaag. ctaagcaagt .ccaat a-aatgtgtacc .
| Hggat ohat 1 o I G0aaR U0 a ceLgi A vE Lo agdaidrre Sen-6
y2 1ECQULLLLL: aa6al 22060, 9¢6aaLLL0RLLA40  aaat aagaca

ga accagcggat tcttggtgtg atgggagtag atgtgtcttt
[ (1509:  gPpagatal L a8aAgactya-¢REEACI L 1ACAGHHES -3-en-6-
cccaatgggt attactttgc” 1560 aatcgafcct aatggttatg
yitdttattagaigccaaatctt cagccaaaga accccaaatc 1620
" tcaggagcca gtaacattgg atttccttga tgcagagtta gagaatgata
171t gaat ggee dH801 cHat togaaat taagatgabtr-gsahggggaaagound or 2
t ggagaaaaa acattcagaa ctctggttaa 1740 atctcaagat
rhgagaaafatactigacaaagy-addcaggada tracacdt gy catotgticaany
1800 Page 3 tggcacagat tacaatttgg ccttggtatt
onacedaccaatsagt tot Lacksattdt addgE 1880 eE®RiHct agaa
gagacaat aa ctcaggccag at caaaaaag ggcaaaatga aggattcgg
181920he apieR BT YBRY- tEagaFaBPP SEtgaRgASCEO GGG aPald a1
ttcatagcac caagagatta 1980 ctgcaatgac ctgaaaatat
fogggatiatag @5@?8 aPr e VSt t'f¥adtt "t caacgagt t 2040

tatfgataga aaaacieccaa acaacccatc atgtaa ttt.gatta-
Sat ay gt%’??‘lﬁio -3t rgalfea ggettt é‘%g%-?tq%%’a%%t gctL%‘t“' =
t ogcégggt:tlﬂ% taglgﬁ%tra%\%gﬁwtaatd%&ose Ca2099a9k 9r rom the
aaagcacgat’ ttgttgtgac tgatggtggg attaccagag tttatcccaa
ord420 -cA3349G6g0R -0aRAAld gaC; AAUAREHCLE SUAYACRL AL caused Dy
gaggacagct tctataaaag 2280 gagcctaaat "aat gat aact
s o2t gititdseac 1 0¢t-Caac-41 t aataapa Y YPgacet 881 234Ourzigia,
tggctat gaa tcgggcatta tggtaagcaa agctgtagaa atatatattc
ocadgdgadacte 24001 &, ctitaaseci ngragt b i 1 QL gaatyahamsre oz
t gat gt aaat tcctggatag agaatttcac 2460 caaaacctca
ingecagagatic negtarlgritagg ceragtt t gt igact genapat jaaacagt ga
2520 cgtaatggat tgtgtgattc tggatgatgg tgggtttctt
niggar§yc &d ‘at GRIPAIGESBHLTh osteoarthritlis or articular

a._
17

rheum

4]

Tism, pain associated with contusion, sprain, ©r TIrauma,
spondylalgia, pain caused by spinal cord or brain stem injury,
pain in the lower back, sciatic neuralgia, toothache,

myofascial pairn syndrome, episiotomy pain, gouty pain, Dain

0]

caused by burn, cardiac pain, muscular pain, oculiar pain,

inflammatory vain, oro:zacial pain, abdominal pain, pain

[0

associate

O
@]

with dysmencrrhnea, labor pain

cF

somatalgia, pain associated with nerve or radicular injury,



ttatactaat cagattggaa gattttttgg agagattgat cccagcttga
t gagacacct 2640 ggttaatata tcagtttatg cttttaacaa
atcttatgat tatcagtcag tatgtgagcc 2700 cggtgctgca
ccaaaacaag gagcaggaca tcg_ctfagcg tat gt gccat cagtagcaga
2760 catattacaa attggctggt=gggccactgc tgctgcctgg
tctattctac agcagtttct 2820 <cttgagtttg acctttccac
gactccttga ggcagttgag atggaggatg atgacttcac 2880
paigg e euciay 4 caagt agapgcd gtatt ati tgdavaaaceusaghaurpoe, OF
tcgataacga 2940 cagtaaatca ttcagtggtg tattagactg
angiggaamctmrin congsat cbyt €tabggagansboorazhsgdrratgaretic
aacaccaact taatattcat aatggttgag agcaaaggga catgtccat
PeBOEOET & gdeitaepa-etgecbeat ac Eé@&g&é@éﬁagg‘é’t cergatneraby-
._ggtccaaatc cttgtgacat 3120 _,ggttq\agcga‘chaﬂgat acc ..
In§ERAGYYECR YRt Yt cRgEPLtEgat 8¢ —at'Gtictrdga 3PseroPat-1¢
_Qggafaatact gactgtggtg gtgtttct attaaatccc tcectgtggt
P2t at’cattyg 3220 Dggf‘cca{j ?rm&f“ggt chlrta*é’gl&'gé”t“a“t*@g -
nel09£29CaCR, £AC6H0Ct gL 1A0BA00RLE 13300, G 3301 nRage A
associated with HIV, neuralgia associated with RIDS,
hyperalgesia, burning pain, suddern pain, pain caused Dy
chemotherapy, occipital neuralgie, psychogeﬁic pain, pain

associated with gallstone, neuropathic cr non-neuropathic

o)
v
i_l.
o}
W
0
0]
0

ciated with cancer, phantom limb pain, functionai
abdominal pain, headache, acute or chronic tension headache,

sinus headache, cluster headache, temporomandibular joint

pain, maxillary sinus pain, pain caused by ankylosing

spondylarthritis, postoperative pain, scar pain, chronic non-

'g

partial seizure in epilepsy patients), generalized anxiet

e

discrder, and restless legs syndrome.

20. The pnarmaceutical compesition according to claim 17

’

for treating and/or preventing pain caused by diabetic

neuropathy.
27. Use of a compound or a pharmacologically acceptable salt
thereof according tTo any one of claims 1 tTo 16 for producing

a pharmaceutical composition.
22. The use according tc claim 2%, wherein the

pharmaceutical composition is & compesition

-

or treating

and/or preventing pain.



23. The use according to claim 23

-
=
o2
[0}
H
[0
'_l-
3
1
j=p
®

pharmaceutical composition is a composition for t

=
(]
W
ct
' ]
3
«Q

and/or preventing pain caused by diabetic neuropathy.

03]
(!

24. A method for treating and/or preventing pain, comprising
administering & pharmacologica’lly effective amcunt of a

compound Cr a pharmacologicallily acceptable salt thereo:l

Q

according tc any one of cizims 1

+
0]

16 to 2 mammzal.

2

(92}

. The metnod according %o claim 24, wnherein the pain is
pain causec by diabetic neurcpathy.

26. The method according to claim 24 or 25, wherein the

mammal 1s a human.

R COOH (1)
8a

a2 hydrogen atom, a halogen atom, or =z Cl-Cé alkyl group, or

R’® and R*®* <ogether with the carbon atom to which they are

)

bound form a C3-C7 cycicalky> gr

O
o
'O
[\)]
3
0.

R* is a hydrogen atom, a nalogen atom, & Ci-C6 alkyl
group, & Ci-C&€ zlkyl haliade group, & hydroxy-Ci-C& alkyl
grour, & sulianyl-Cl-C6 alkyl group, a C1-C6 aikoxyv-Cl-C6
alkyl group, a CZ-C6 alkenyl group, & CZ-Cé€ zikynvl grouap, a



- 214 -

Cl-Cé alkoxy group, a Cl-Co alkylsulfanyl group, a Ci-Cé6
alkylsulfanyl-Cl1-C6 alkyil group, a C2-C7 acylthio-Cl-C6 alkyl
group, a C2-C7 acyloxy-Ci-Cé alkyl group, or a C3-C7

cycloalkyl group.



"SEQUENCE LISTING
<110> DAIICHI SANKYO COMPANY, LIMITED
<120> BICYCLIC GAMMA AMINO ACID DERIVATIVES
<130> DSPCT-FP0834

<150> 3J1P2007-255430
<151> 2007-09-28

<160> 7

<170> PatentIn version 3.4

<210> 1

<211l> 42

<212> DNA

<213> Artificial

<220>

<223> PCR sense primer Tor human Cacna2dl front

<400> 1

agctgecggec gctagcgcca ccatggctgg ctgcctgetg ge 42
<210> 2

<211> 27

<212> DNA

<213> Artificial

<220> R

<223> PCR antisense primer fTor human Cacna2dl front

<400> 72 -
attaggatcg attgcaaagt aataccc 27
<210> 3

<211l> 26

<212> DNA

<213> Artificial

<220> _ _

<223> PCR sense primer for human Cacna2dl rear

<400> 3 :
aatgggtatt actttgcaat cgatcc 26
<210> 4

<211> 32

<212> DNA

<213> Artificial

<220>

<223> PCR antisense primer Tor human Cacna2dl rear

<400> 4

agtcggatcc tcataacagc cggtgtgtgc tg 32
<210> 5

<211> 98

<212> DNA

<213> Artificial

Page 1



<220>
<223>

<400> 5
ccaccgeggt

caagcttatc

<210> ©
<211>
<212>
<213>

<400> ©
ggcggccgcet

DNA

ccaatctttg
atcatgggtg
caatcagct:
tgcacgccag
taaagccectg
agaagatttt
gaaaaatgac
ttttggacga
gggctcaaca
aaagaatcgc
-agctcgatat
cctttatgat
gcttattctg
atctgtctcc
taacagcaat
taaaaaagtg
gaagggcttt
caataagatt
caaatacaat
tgacagagga
ttccattggst
ggttttagca
ggaactggga
aaataagaca
ggaagatatt

aatcgatcct

1573

ggcggecget
gataccgtcg

Homo sapiens

agcgccacca
ctcatcggcc
gataagatgc
gttgatattt
ctggtagaaa
gtgcgectgg
gcaagcaatg
agtgagccag
caaatatctt
attgtgttaa
gaggaagacc
tatccagctt

gtacgcagaa

gtggatgtga
gaaatgttag'

gctcaggatg
ttgaaagacg
agttttgctt
attatgctat
aaagataaaa
cctattcagt
gcaataagaa
ggagacaaag
cttgtcatta
aacttaaaga
aaaagactga

aat

ctagaactag

acctcgaggg

tggctgctgg
cctcgtcgga
aagaagacct
atgagaaata
ttgcagccag
cattggaagc
aagttgtcta
gcagccagag
atcagcacgc
atgaactcaa
cttcattatt
caccatgggt
gaccatggta
gtggaagtgt
aaaccctctc
taagctgttt
cggtgaataa
ttgaacagct
tcacggatgg
aagtacgtgt
ggatggcctg
tcaatactca
ctaagcaagt
ctggaactct
accagctgat

caccacgttt

tggatccecce

ggggccecyg

ctgcctgcetg
ggagccgtrc
tgtcacactg
tcaagatttg
ggatattgag
ggagaaagtt
ctacaatgca
gataaaacct
agcagtccat
ctggacaagt
gtggcaggtt
tgataatagt
catccaagga
tagtggattg
agatgatgat
tcagcacctt
tatcacagcc
gcttaattat
aggagaagag
attcacgttt
tgaaaacaaa
ggaatatttg
ccaatggaca
tccggtettc
tcttggtgty

tacactgtagc

Page 2

muiti cloning site of vector pBluescript 2

gggctrgeagg

gccttgacte
ccttecggeceg
gcaaaaacag
tatactgtgg
aaacttctga
caagcagctc
aaggatgatc
gttttcattg
attcctactg
gccttagatg
tttggcagtg
agaactccaa
gctgcatcte
acacttaaac
ttcgtgaatg
gtccaagcaa
aaaggaatta
aatgtttcca
agagcccagg
tcagttggtc
ggttattatt
gatgttttgg
aatgtgtacc
aacataaccg
atgggagtag
cccaatgggt

aattcgatat

tgacactttt
tcactatcaa
caagtggagt
aaccaaataa
gcaacagatc
accagtggag
tcgatcctga
aagatgctaa
acatctatga
aagtittcaa

ccactggect

ataagattga

Cctaaagacat
tgatccgaac
tagcttcatt
atgtaagaaa
cagattataa
gagcaaactg
agatatttaa
aacacaatta
atgaaattcc
gaagaccaat
tggatgcatt
gccaatttga
atgtgtcttt

attactttgc

60
98

60
120
180
240
300
360
420
480



<210> 7
<211>
<212>
<213>

DNA
<400> 7

ggcggceget
ccaatctttg
atcatgggtg
caatcagctt
tgcacgccag
taaagccctg
agaagatttt

gaaaaatgac

ttttggacga

gggctcaaca
aaagaatcgc
agctcgatat
cctttatgat
gcttattctg
atctgtctcc
taacagcaat
taaaaaagtg
gaagggcttt
caataagatt
caaatacaat
fgacagagga
ttccattggt
ggttttagca
ggaactggga
aaataagaca
ggaagatatt
aatcgatcct
tcaggagcca
gattcgaaat

atctcaagat

3301

Homo

sapiens

agcgccacca
ctcatcggec
gataagatgc
gttgatattt
ctggtagaaa
gtgcgectgg
gcaagcaatg
agtgagccag
caaatatctt
attgtgttaa
gaggaagacc
tatccagctt
gtacgcagaa

gtggatgtga

gaaatgttag

gctcaggatg
ttgaaagacg
agttttgctrt

attatgctat

aaagataaaa-

cctattcagt
gcaataagaa
ggagacaaag
cttgtcatta
aacttaaaga
aaaagactga
aatggttatg
gtaacattgg
aagatgattg

gagagatata

tggctgetgg
cctecgtegga
aagaagacct
atgagaaata
ttgcagccag
cattggaagc
aagttgtcta
gcagccagag
atcagcacgc
atgaactcaa
cttcattatt
caccatgggt
gaccatggta
gtggaagtgt
aaaccctctc
taagctgtrt
cggtgaataa
ttgaacagct
tcacggatgg
aagtacgtgt
ggatggcctg
tcaatactca
ctaagcaagt
ctggaactct
accagctgat
caccacgttt
ttttattaca
atttccttga
atggggaaag

ttgacaaagg

ctgcctgetg
ggagccgttc
tgtcacactg
tcaagatttg
ggatattgag
ggagaaagtt
ctacaatgca
gataaaacct
agcagtccat
ctggacaagt
gtggcaggtrt
tgataatagt
catccaagga
tagtggattg
agatgatgat
tcagcacctt
tatcacagcc
gcttaattat
aggagaagag
attcacgttt
tgaaaacaaa
ggaatatttg
ccaatggaca
tccggtcrece
tcttggtgtyg
tacactgtgc
tccaaatctt
tgcagagtta
tggagaaaaa

ddaCdggdcCa

Page 3

gccttgactce
cctteggecg
gcaaaaacag
tatactgtgg
aaacttctga
caagcagctc
aaggatgatc
gttttcattg
attcctactg
gccttagatg
tttggcagtg
agaactccaa
gctgcatctce
acacttaaac
ttcgtgaatg
gtccaagcaa
aaaggaatta
aatgtttcca
agagcccagg
tcagttggtc
ggttattatt
gatgttttgg
aatgtgtacc
aacataaccg
atgggagtag
cccaatgggt
cagccaaaga
gagaatgata
acattcagaa

tacacatgga

tgacactttt
tcactatcaa
caagtggagt
aaccaaataa
gcaacagatc
accagtggag
tcgatcctga
aagatgctaa
acatctatga
aagttttcaa
ccactggect
ataagattga
ctaaagacat
tgatccgaac
tagcttcatt
atgtaagaaa
cagattataa
gagcaaactg
agatatttaa
aacacaatta
atgaaattcc
gaagaccaat
tggatgcatt
gccaatttga
atgtgtctt:
attactttgc
accccaaatc

taaagtgga
ctctggttaa

cacctgtcaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



tggcacagat
caaactagaa
aaccctrgaag
ctgcaatgac
tattgataga
gcttgatgea
caagggagtg
agaggctgga
gagcctagat
tgcctatgaa
tcttaaacct
caaaacctca
cgtaatggat
ttatactaat
gogttaatata
cggtgctgca
catattacaa
cttgagrttg
ggcctecctg
cagtaaatca
aaagcttatg
tgacacacga
ggttaagcaa
ggattatact
aatccagtt:

C

tacagtttgg

gagacaataa

ccagataatt

Ctgaaaatat

aaaactccaa
ggctttacaa
aaagcacgat
gaaaattggc
aatgataact
tcgggcatta
gcagttgttg
atcagagatc
tgtgtgattc
cagattggaa
tcagtitatg
ccaaaacaag
attggcrggt
acctttccac
tccaagcaga
ttcagtggtg
aacaccaact
ctgctcatac
cccagatacc
gactgtggtg

ctactacttt

ccttggtatt
ctcaggccag
ttgaagaatc
cggataataa
acaacccatc

atgaacttgt

ttgttgtgac

dagadaaccc

atgttttcac

tggtaagcaa

gaattaaaat
cgtgrgcrgg
tggatgatgg
gattttttgg
cttttaacaa
gagcaggaca
gggccactgce
gactccttga
gcrgcattac
tattagactg
taatattcat
aagcggagca
gaaaagggcc
gtgtttctag

ggctggtatc

accaacctac
atcaaaaaag
tggctataca
cactgaattt
atgtaacgcg
ccaaaattac
tgatggtggg
agagacatat
tgctccctac
agctgtagaa
tgatgtaaat
tccagttigt
tgggtttctt
agagattgat
atcttatgat
tcgctcagea
tgctgectgg
ggcagttgag
tgaacaaacc
tggaaactgt
aatggttgag
gacttctgac
tgatgrctgce
attaaatccc

tggcagcaca

Page 4

agtttttact
ggcaaaatga
ttcatagcac
cttttaaatt
gatttgatta
tggagtaagc
attaccagag
gaggacagct
tttaacaaaa
atatatattc
tcctggatag
gactgcaaaa
ctgatggcaa
cccagcettga
tatcagtcag
tatgtgccat
fctattctac
atggaggatg
cagtatttct
tccagaatct
agcaaaggga
ggtccaaatc
tttgataaca
tcecctgtggt

caccggctgrt

atataaaagc
aggattcgga
caagagatta
tcaacgag:tt
atagagrctt
agaaaaatat
tttatcccaa
tctataaaag
gtggacctgg
aagggaaact
agaatttcac
gaaacagtga
atcatgatga
tgagacacct
tatgtgagec
cagtagcaga
agcagtttc:
atgacttcac
tcgataacga
ttcatggaga
catgtccatg
cttgrgacat
atgtcttgga
atatcattgg

tatgaggatc

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3301



